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TO  THE 


READE 

H E  Abridgment  of  the  Philo¬ 
sophical  Transactions, 
begun  by  Mr  Lowthorp ,  and  con¬ 
tinued  by  Mr  Jones ,  has  been  al¬ 
ready  fo  well  received,  that  there  is 
no  otcaffon  for  me  to  trouble  the  Reader  with 
a  particular  Account  of  the  prefent  Defign.  I 
believe  I  need  only  inform,  him  that  I  have  en¬ 
deavoured  to  follow  the  Method  laid  down  by 
thole  Gentlemen,  that  I  might  make  the  whole 
Work  appear  as  uniform  as  poffible.  I  have  ven¬ 
tured  to  differ  from  them  in  this;  that  whereas 
they  have  omitted  a  confiderable  Number  of 
Papers,  I  have  totally  omitted  none.  For  I 
thought  it  would  be  too  great  a  Prefumption  in 
me,  publickly  to  declare  any  Paper  to  be  ufe- 
lefs,  which  had  been  read  before  the  Royal 
Society,  and  permitted  by  them  to  be  pub- 
liftied.  I  have  differed  from  them  alfo  in  in¬ 
ferring  the  Accounts  oj  Books ,  many  of  which 
are  as  entertaining  and  inftru&ive  to  a  great 
number  of  Readers,  as  any  other  Paper. 

I  have  endeavoured  to  fhotten  the  Papers  that 
came  under  rrv  Hand  .  in  <uch  a  manner  as  not  to 
hurt  their  Senfe;  and  I  flatter  myfelf  that  very 
few  fif  any)  of  the  Learned  and  Ingenious  Au¬ 
thors 


To  the  READER. 

tliors  of  them  will  accufe  me  of  having  done 
them  any  Injury. 

The  three  firit  Chapters  of  this  Abridgment 
were  done  by  (that  Learned  and  Judicious  Mem¬ 
ber  of  the  Royal  Society)  Mr  EAMES ; 
to  whom  alfo  the  Reader  is  obliged  for  the 
Communication  of  the  late  learned  Profelfor 
Gregory's  Difcourfe  upon  Motion,  printed  at 
the  beginning  of  the  Chapter  of  Mechanics. 

In  the  Catalogue  of  Plants  from  the  Botanic 
Garden  at  Chel fey ,  I  have  inferted  fifty  more 
than  are  contained  in  the  Philofop/jical  Tran - 
f  3 Elions }  within  the  Compafs  of  this  Abridg¬ 
ment.  But  as  thefe  fifty  Plants  had  been  pre- 
fented  to  the  Society ;  as  they  belonged  to  the 
Year  1731;  and  as  by  this  means  the  even  num¬ 
ber  of  five  hundred  was  compleated,  I  thought 
I  fhould  oblige  the  curious  in  Botany  by  in¬ 
ferring  them. 

If  the  Public  receive  this  Work  favourably,  it 
will  be  efteemed  an  ample  Recompence  for  many 
Months  affiduous  Application.  And  if  the 
Readers  meet  with  that  Satisfaction,  which 
I  have  endeavoured  to  give  them,  it  will  be 
a  very  great  Pleafure  to  their  humble  Servant, 


Chelfe June  8.  1734. 


John  Martyn. 
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Part  IT. 

Page  84.  line  28.  acid  XXVI.  pag.  191.  line  17.  read  \ ince  we  have.  p.  240.  line  28.  for 
Weights  read  weighs,  line  32.  for  iifling  read  filing,  p.  326.  line  r.  for  cen  gefehenk  nyt  read 
een  gefehenk  uyt.  p.  360.  line  40.  for  now  read  no> 
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THE 

Philofophical  T ranfadtions 

ABRIDG’D. 


PART  I. 

CONTAINING  THE 

Mathematical  PAP  E  R  S. 


CHAP.  i. 

Arithmetic,  Algebra,  Fluxions,  Geometry, 
the  CLu  adrature  Curves. 

H  E  Ufefulnefs  of  this  Arithmetic  confifts  in  this,  A  Summary  of 
that  it  performs  all  the  Operations  with  more  Eafe  tJegatwo-Af- 
and  Expedition  than  the  common  Affirmative  A 

rithmetic,  efpecially  in  large  Numbers :  And  it  dif-  j*  CoKon,  * 
fers  from  the  common  Arithmetic  chiefly  in  this,  F.  R.  s.  N° 
that  it  admits  of  Negative  Figures  promifcuoufly  396.  P- *6i. 
with  the  Affirmative. 

Notation. ]  Thefe  Negative  Figures  are  diftinguifh’d  from  the 
Affirmative,  by  the  Sign  -  placed  over  them. 

Thus  3709286573961472  is  one  of  thefe  Numbers,  whch  maybe 
converted  into  its  Equivalent  common  Number  2308726432039468, 
in  this  manner : 

3009006503000470  Affirmative  Figures . 

0700280070961002  Negative  Figures , 

2308726432039468 

Vol.  VI.  B  (1.) 


2 


Negativo- Affirmative  Arithmetic. 

(i.)  Write  down  all  the  affirmative  Figures  by  themfelves,  patting 
a  Cypher  in  the  Place  of  every  negative  Figure.  (2.)  Write  down 
all  the  negative  Figures  by  themfelves,  putting  a  Cypher  in  the 
Place  of  every  affirmative  Figure.  (3.)  Subftradl  the  laft  Number 
from  the  firft,  and  the  Remainder  will  be  a  common  Number,  equi¬ 
valent  to  the  given  negativo-affirmative  Number.  See  the  Operation 
above. 

Reduction ,  Cafe  I.]  But  the  readied:  practical  Way  of  performing 
this  Redudtion  in  any  given  Number,  will  be  in  this  Manner :  Begin  at 
the  left  Hand  and  going  over  all  the  Figures  in  order,  obferve  thefe 
Rules.  (1.)  An  affirmative  Figure  before  a  Negative  muft  be  di- 
minifh’d  by  an  Unit.  (2.)  A  negative  Figure  before  an  Affirmative, 
muft  be  changed  into  its  Complement  to  10.  (3.)  A  negative  Figure 

before  a  Negative,  muft  be  changed  into  its  Complement  to  9.  'All 
other  Figures  muft  remain  unchanged,  and  a  Cypher  is  always  to  be 
underftood  where  there  is  no  fignificant  Figure.  The  Sign  of  the 
Cypher  is  negledted  ;  but  where  there  is  occafion  to  confider  it,  it  is 
always  fuppos’d  the  fame  as  the  Sign  of  the  following  Figure.  Thus 
the  negativo-affirmative  Number  729586455982001730  is  immedi¬ 
ately  reduc’d  to  7 10585545977998330  ;  and  fo  of  all  others. 

Reduction ,  Cafe  II.]  But  on  the  contrary,  common  Numbers 
may  be  reduced  to  negativo-affirmative  Numbers  a  great  Variety  of 
Ways,  by  fubftituting  inftead  of  the  Figures  1,  2,  3,  4,  5,  6,  7,  8,  9, 

their  refpedtive  Values  19,  18,  17,  16,  15,  14,  13,  12,  i7,  in  any 
Places  at  Pleafure.  But  the  moft  ufeful  Reduction  of  this  Kind  is 
what  I  call  A  Reduction  to  fmall  Figures ,  which  confifts  in  throwing 
out  all  the  large  Figures,  9,  8,  7,  6,  out  of  any  given  Number, 
and  introducing  in  their  Room  the  equivalent  fmall  Figures 

ii,  12,  13,  14,  mefpedUvely.  Thus  182937462  may  be  reduc’d  to 
223143542,  confiding  only  of  fmall  Figures.  But  this  Redudlion 
may  be  perform’d  more  readily  by  thefe  Rules  following. 

(1.)  A  fmall  Figure  before  a  large  Figure  muft  be  increaled  by 
an  Unit.  (2.)  A  large  Figure  before  a  large  Figure  muft  be  changed 
into  its  negative  Complement  to  9.  (3.)  A  large  Figure  before  a  fmall 
Figure  muft  be  changed  into  its  negative  Complement  to  10.  Other 
Figures  are  not  to  be  changed ;  and  5  will  be  ambiguous,  being  to 
be  efteemed  either  large  or  fmall,  according  as  the  Figure  following 
is  either  large  or  fmall.  Some  Examples  of  this  Reduction  ffiall 
here  follow,  both  in  whole  Numbers  and  Decimal  Fractions. 

37068259764  =  43132340244 
729528960739957  =  1331531041340043 
9260872395,87294=  11341132404,133^4 
Or  (9)  926087239587294  =  (10)  1J341I32404I3374 
(m)  387916407953,  &c.  =  (m)  472124412153,  &c. 


It 


It  is  to  be  obferved,  that  in  this  lad  Example  the  Numbers  are  what  I 
call  interminate ,  or  Approximations  only  ;  that  is,  the  firft  and  mod 
valuable  Figures  are  exprefs’d,  and  all  the  reft  (whether  finite  or  in¬ 
finite  in  Number,  whether  known  or  unknown)  are  omitted  as  incon- 
fiderable,  and  insinuated  by  the  Mark,  (Ac.  Alfo  the  Index  m  before 
the  Number  (lands  for  fome  Integer,  exprefiing  the  Diftance  of  the 
firft  Figure  3  or  4  from  the  Place  of  Unites  ;  which  Integer  is  either 
affirmative  or  negative,  according  as  the  faid  firft  Figure  (lands  in  in¬ 
tegral  or  fradlional  Places.  The  Example  immediately  before  is  a 
particular  Inftance  of  this. 

And  thus  much  by  way  of  Notation :  To  proceed  therefore  to  the 
Operations  to  be  perform’d  with  thefe  Numbers,  whether  reduced  to 
fmall  Figures  or  not ;  and  firft  of  Addition. 

Addition.]  Place  the  Numbers  to  be  added  juft  under  one  another , 
obferving  the  Homogeneity  of  Places ,  as  in  common  Numbers.  Then  be¬ 
ginning  at  the  Right  Hand ,  colleft  the  Figures  in  the  firft  Row  or  Co¬ 
lumn ,  according  to  their  Signs ,  and  place  the  Refult  underneath :  And 
fo  fucceffively  of  all  the  other  Columns,  as  in  Example  1. 

But  if  at  any  Time  this  Refult  cannot  be  exprefs’d  by  a  fingle  Fi¬ 
gure,  it  may  be  writ  down  with  two  or  more  Figures,  obferving  the 
Homogeneity  of  Places,  and  then  the  Sum  may  be  collected  over  a- 
gain.  But  to  fave  this  Trouble,  it  will  be  fufficient  to  referve  the 
Figure  in  mind  which  belongs  to  the  next  Column,  and  colled  it 
with  the  Figures  of  that  Column  *,  as  in  Example  2,  3. 

If  the  Numbers  to  be  added  are  reduced  to  fmall  Figures,  as  in 
Example  3,  their  Addition  will  be  very  fimple,  and  the  Sum  may 
alfo  be  exhibited  in  fmall  Figures,  by  an  eafy  Subftitution  of  Equi¬ 
valents,  where  there  is  occafion. 


Example  (1.) 


Example  (2.) 


647039682 

498273651 

819403765 


257384263 

70982*1370 


5807305 


953364212  1864643894 


Example  (3.) 


(m)  2i53_i4043i2j3,  See: 

(m)  504203J425512,  Sec. 

(m-i)  431023102413,  Sec. 

(m-2)  5 1 342 il 032 1,  &c. 

(m~3)  2130421032,  &c. 

(m-4.)  132021224,  Sec. 

(m~5)  132243 15,  Sec. 


(m+i)  I33332i4i343?2,&c. 
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Negativo- Affirmative  Arithmetic. 

Subtraction.]  Subtraction  in  this  Arithmetic  is  reduced  to  Addition, 
by  changing  all  the  Signs  of  the  Number  to  be  [ubtraded . 

JThusjJf  from  (n)  72938429637,  &c.  we  are  to  fubtraCt  (n- 2) 
%i0735926>  &c.  the  Remainder  will  be  found  as  in  Example  4. 

Example  (4.) 

(n)  72938429637,  &c. 

(n- 2)  810735926,  &c. 

(n)  73747 1 54343>  &c* 


Thus  in  all  Cafes  will  Addition  and  Subtraction  be  eafily  perform¬ 
ed  :  But  the  chief  Ufe  of  this  Method  will  be,  to  eafe  the  Trouble  of 
prolix  Multiplications.  And  here,  as  well  as  in  Divifion,  the  firft: 
and  mod  valuable  Figures  may  be  firft  found,  and  confequently  the 
ProduCt  may  be  continued  to  as  many  Places  as  fhall  be  required, 
without  finding  any  unneceflary  Figures  ;  which  is  a  Convenience  not 
to  be  had  in  the  ordinary  Way  of  Multiplication. 

Multiplication .]  Let  it  be  propofed  to  Multiply  together  the  Num¬ 
bers  8 6057 29398 7 1  and  389175836438,  ^which  reduced  to  fmall 
Figures  will  be  1 141433 1401315  and  41 1224244442.  Write  down 
thefe  two  Numbers  one  under  the  other  upon  a  Slip  of  Paper,  with 
the  Figures  at  equal  Diftances,  and  then  cut  them  afunder.  Take 
either  of  the  Numbers  for  a  Multiplier,  and  place  it  over  the  other 
in  an  inverted  Pofition,  fo  as  its  firft  Figure  may  be  juft  over  the 
firft  Figure  of  the  Multiplicand. 


Moveable  Multiplier 
zfftfrzfzzi if 

. Multiplicand 

1 14143314013 15 


45  6 179 182  549  8  645062  606080 
11113  1124  2632  1  2311 

Product  =  4650861937096017072623 170 

I  hen  Multiply  thefe  two  firft  Figures  together,  and  their  Product 
(4x1=4)  place  underneath.  Then  move  your  Multiplier  a  Place 
forward,  fo  that  two  of  its  firft  Figures  may  be  over  two  of  the  firft 
Figures  of  the  Multiplicand  ;  and  collecting  their  two  Products 
(4  x  1  -+  1  x  1  =  5)  put  their  Refult  underneath  in  the  next  Place. 
Move  the  Multiplier  a  Place  forward  •,  and  collecting  the  three  Pro¬ 
ducts  (4x4+1x1  +  1x1  =  16)  put  the  Refult  underneath,  as  in 

*  the 
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Negativo- Affirmative  Arithmetic . 

the  Example.  Move  the  Multiplier,  and  colled  the  four  Produds 

(4x1  +  1  X4  +  1x1+2x1  =  11)  which  write  underneath  as 
before.  And  fo  proceed  by  one  Stop  at  a  Time,  as  long  as  any 
Figures  of  the  Multiplier  can  be  over  any  Figures  of  the  Multiplicand. 
Laftlyy  Colled  the  Produd  into  one  Line,  which  being  reduced  to  a 
common  Number  will  be  3349 141936903996927377170. 

From  this  Procefs  it  may  be  obferved,  that  at  every  new  Situa¬ 
tion  of  the  moveable  Multiplier,  thofe  Figures  only  are  to  be  multi- 
ply’d  together,  each  by  each,  as  are  found  over  one  another.  And 
this  Multiplication  is  to  be  perform’d,  and  the  feveral  Produds  col- 
leded,  according  to  the  Rules  of  Specious  Multiplication,  wherein 
like  Signs  will  make  +,  and  unlike  Signs  will  make  —  in  the  Pro¬ 
dud.  This  will  always  make  the  Produds  deftroy  one  another,  or 
at  leaft  will  deprefs  and  keep  them  low,  and  the  Figures  themfelves 
being  always  fmall,  the  Refult  will  be  always  fmall,  and  often  but  a 
Angle  Figure,  which  is  the  great  Compendium  of  this  Method. 

When  an  Approximation  only  is  defir’d,  or  when  the  Produd 
is  to  be  produced  to  a  given  Number  of  Places,  the  Operation  may 
be  continued  one  Place  farther,  in  order  to  obtain  fo  many  Places 
true  as  are  required.  For  feldom  any  Corredion  extends  beyond  the 
Place  immediately  aforegoing,  and  that  is  generally  correded  but  by 
an  Unite,  and  very  often  needs  no  Corredion  at  all  *,  which  will  be 
of  no  fmall  Convenience  in  the  Multiplication  of  Decimal  Fradions. 

In  this  Method  we  may  (if  we  pleafe)  begin  the  Procefs  of  Mul¬ 
tiplication  from  the  lowed:  Places,  or  from  the  right  Hand,  as  is 
ufual  in  common  Arithmetic,  and  then  the  Corredion  may  be  car- 
ry’d  on  continually  to  the  next  Place,  and  fo  the  Produd  may  be 
always  comprehended  in  one  Line,  without  the  Ufe  of  any  Superflu¬ 
ous  Figures.  Of  this  I  fhall  give  an  Inftance  in  the  foregoing 
F  xample. 

Moveable  Multiplier 
zffff zfzzi if 

Multiplicand 

_ ii4i433*4Qi3T5 

3349141936903996927377170  =  Produfi 

Place  the  moveable  Multiplier  inverted  in  fuch  a  Manner,  as  that 
its  laft  Figure  2  may  be  juft  over  5  the  laft  Figure  of  the  Multi¬ 
plicand.  Multiply  thefe  together  (2x5  =  10)  and  fet  down  the  laft 
Figure  of  the  Produd  o  juft  under,  referving  the  firft  Figure  7  for 
the  next  Place.  Then  move  the  Multiplier  a  Place  forward,  fo 
that  two  of  its  laft  Figures  may  be  over  two  of  the  laft  Figures  o! 
die  Multiplicand,  and  then  multiplying  and  colleding,  you  will  have 
1  +  2x  1+4x5  =  17.  Set  down  7  in  the  next  Place  of  the  Pro¬ 
dud,  and  referve  1.  At  the  next  remove,  you  will  have  1+2x3 
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Negativo- Affirmative  Arithmetic. 

+  4x1+4x5  =  31.  Set  down  i  and  carry  3.  Then  3  +  2  x  F 
+  4x3  +  4x1+4x5  =  23  =  37.  Set  down  7  and  carry  3. 
Then  3  +  2x0+4x1+4x3  +  4x1  +  4x5  =  3  =  17.  Set 
down  7  and  carry  1.  And  fo  proceed  as  long  as  there  can  be  any 
Figures  over  one  another,  and  the  Product  will  be  found  as  before. 

This  way  of  Multiplication  is  fo  eafy,  and  may  be  made  fo  fami¬ 
liar  by  a  little  Practice,  that  it  will  be  but  little  fhort  of  Multiplica¬ 
tion  by  Infpeftion  ;  and  will  doubtlefs  feem  very  furprizing  to  thofe  who 
are  only  acquainted  with  the  common  tedious  Way  of  Multiplication: 
efpecially,  if  we  content  our  felves  with  a  mental  Preparation  of  the 
Numbers  given,  or  only  mark  thofe  Figures  that  are  to  be  changed, 
which  by  fome  Pradice  is  eafily  attained. 

The  firft  of  thefe  two  Ways  of  Multiplication  will  be  moft  con¬ 
venient  for  interminate  Numbers.  As  if  we  were  to  multiply  ( m ) 
307149741748,  &c.  by  (n)  1836097 12649,  &V.  the  Produd  will 
be  found  fm  +  nj  563956758222,  as  may  appear  from  the 

Procefs  following. 

‘xfh£i foihtzz  (u) 

(m)~  313150342352»  &c- 

(m  +  n)  644057258378,  &c. 

Here  the  Index  of  the  firft  Figure  of  the  Produd  will  be  m  +  n, 
or  the  Sum  of  the  Indexes  of  the  given  Numbers  *,  but  it  would  have 
been  m  +  n  +  1  if  there  had  been  any  Increafe  from  the  Produd  of 
the  two  firft  Figures,  or  if  there  had  been  any  Corredion  to  have 
been  made  to  the  Cypher,  which  is  underftood  before  the  firft  Figure 
of  the  Produd. 

When  both  the  Numbers  to  be  multiply’d  are  interminate,  as 
in  the  laft  Example,  they  ought  to  confift  of  the  fame  Number  of 
Places,  or  otherwife  the  greater  Number  muft  be  reduced  to  the 
leffer,  by  cutting  off  the  fuperfluous  Places :  and  the  Produd  is  not 
to  be  continued  beyond  the  fame  Number  of  Places.  If  but  one  of 
the  Number  is  interminate,  the  other  muft  be  reduc’d  to  the  Form 
of  an  interminate  Number,  either  by  cutting  off  the  Excels  of  Places 
if  it  has  more,  or  by  fupplying  or  fuppofing  Cyphers,  if  it  has  fewer 
Places  than  the  interminate  Number.  Then  the  fame  Reftridions  will 
take  place  as  before. 

Bivifion .]  The  Method  of  Divifion  in  this  Arithmetic  will  not 
be  fo  fimple  or  expeditious  as  Multiplication.  After  a  Tryal  of 
feveral  Ways,  I  think  this  following  will  be  the  moft  commodious. 
Reduce  the  Dividend  and  Divifor  to  fmall  Figures,  and  form  a  Ta- 
riffa  or  Table  of  all  the  Multiples  of  the  Divifor  as  far  as  5.  Com¬ 
pare  thefe  Multiples  with  the  Dividend,  and  with  the  feveral  Remain¬ 
ders  after  the  Multiples  have  been  fubtraded,  by  which  Means  you 

will 


Negativo- Affirmative  Arithmetic. 

will  difcover  the  feveral  fmall  Figures  and  their  Signs,  to  be  put  flic- 
ceflively  in  the  Quotient. 

To  form  the  Table  of  Multiples,  fet  down  the  Divifor  above, 
drawing  a  Line,  under  which  fet  down  the  Divifor  over  again,  putting 
i  over  againft  it.  Add  thefe  two  together  according  to  the  Rule  for 
Addition  in  fmall  Figures,  and  put  2  over  againft  their  Sum.  Add 
this  laft  and  the  Divifor  together,  and  put  3  over  againil  their  Sum. 
Then  add  this  laft  and  the  Divifor  together,  and  put  4  over  againft 
their  Sum.  Laftly ,  Add  this  and  the  Divifor  together,  puting  5  over 
againft  their  Sum.  Thus  will  you  have  a  Table  of  all  the  Multiples 
of  the  Divifor,  as  far  as  will  be  neceftary.  • 

Thusfor  Example,  if  (m-hn)  563956758222,  &c.  =  (dnT-n-f- 1 ) 
1444043242222,  &c.  is  to  be  divided  by  (n)  183609712649,  &c. 
=  (n)  2244103 1 3 45 1,  &c.  the  Procefs  will  be_as  here  follows,  by 
which  the  Quotient  will  be  found  (m)  3 13 150342354,  &c.  =  fmj 
307149741746,  &c. 


TABLE  of  Multiples . 


1 

2 

3 

4 

5 


(n)  2244103 1345 1,  &c. 

(n)  2244103 1345I,  &c. 
fnj  43322 ^425302,  &c. 
(n)  55123^42153,  &c. 
(n  -f-  1)  1334441 25 1404,  &c. 
fn+i)  1 1 2205 1443245?  &c. 


_ Quotient  —  (tn)  3 1315034.2354,  See. 

Dividend  =  (?/i  4  n  4  1)  1444043242222,  &c. 

551231142153,  &c. 

i3_i3242°335,  &c. 
22441031345,  &c. 

^ tm  ■  rum  1  mi 

15  2 3 3.45 1  °J0,  &c. 
5512311421,  &c. 

— — — .  —  ■■■■  «MntiHMi«Baanaaar, 

335140411,  &c. 
2244103I3,  &c. 

1 7 133^324,  &c. 
xi  2205 1 44,  &c. 


1534220, 
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1534220, 

Sec. 

551231» 

Sec. 

124457, 

&c. 

133444, 

&c. 

3205» 

&c. 

3332, 

Sec: 

1533, 

See. 

55 r» 

See. 

124, 

Sec. 

1 12, 

Sec. 

12,  &C. 


The  Index  of  the  Quotient  is  found  by  fubtra&ing  the  Index  of  the 
Divifor  from  the  Index  of  the  Dividend,  when  the  firft  Fimire  or 
Figures  of  the  Divifor  are  not  greater  than  the  like  Figure?  of  the 

Dividend.  Thus  (m  +  “|  =  (m)  30,  &c.  When  they  are 

greater,  then  an  Unite  muft  be  farther  fubtra&ed  from  the  Index  of 

the  Dividend.  Thus  ^+n+1)  H4>  *c.  _  (m)  3J-  &c> 

:(n)  224,  &c. 

Now  a  little  to  illuftrate  this  Procefs,  it  may  be  obferved,  that  the 
Dividend  144,  Sec.  or  56,  Sec.  being  compared  with  the  feveral  Mul¬ 
tiples  of  the  Divifor  in  the  Table,  it  is  eafily  perceived  that  55,  &c. 
makes  the  neareft  Approach  to  it,  and  therefore  its  correfponding  Fi¬ 
gure  3  muft  be  made  the  firft  Figure  of  the  Quotient,  which  I  place 
juft  over.  Under  this  I  place  its  refpedive  Multiple,  changing  the 
Signs  and  collecting,  becaufe  it  ought  to  be  fubtraCbed.  Then  the 
Remainder  13 1,  Sec.  being  compared  with  the  Table,  I  find  the 
neareft  to  it  (whether  in  Excefs  or  DefeCt)  to  be  2 2,  Sec.  or  18, 
■&c.  belonging  to  j.  This  therefore  is  made  the  fecond  Figure  of 
the  Quotient,  and  its  Multiple  with  the  Signs  changed  is  placed  un¬ 
der,  and  collected  with  the  laft  Remainder.  The  Refult,  or  new  Re¬ 
mainder  152,  &c.  that  is  — 152,  &c.  or  — 52,  &c.  being  com¬ 
pared  with  the  Table,  the  neareft  Multiple  is  55,  Sec.  belonging  to 
3,  which  3  therefore  is  made  the  next  Figure  of  the  Quotient,  but: 
with  the  Sign  -  over  it,  becaufe  this  Remainder  is  Negative.  And 
for  this  Reafon  the  Multiple  55,  &c.  is  put  down  in  its  Place  with¬ 
out  changing  its  Signs.  The  reft  of  the  Procefs  will  be  obvious 
enough,  and  if  any  Scruple  arifes  about  placing  the  Numbers,  it  may 
eafily  be  removed  by  a  little  Attention  to  their  refpeClive  Indexes. 

In  the  Divifion  of  interminate  Numbers,  the  fame  ReftriCtions  are 
to  obtain,  as  are  already  mention’d  in  Multiplication. 


And 
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And  this  may  fuffice  for  a  fhort  Summary  of  Negativo -Affirmative 
' Arithmetic ,  as  to  the  ordinary  Operations  of  Addition ,  Subtraction, 
Multiplication  and  Divifton .  What  Improvements  may  be  had  from 
hence  in  the  Extraction  of  Roots ,  whether  of  pure  or  affected  Equa¬ 
tions,  I  (hall  leave  to  future  Inquiry. 

I  have  contriv’d  an  Inftrument,  call’d  Abacus  \  or,  The  Counting 
Table ,  which  I  hope  diortly  to  communicate,  whereby  all  thefe  Ope¬ 
rations  may  be  eafily  perform’d,  and  long  Calculations  very  much 
facilitated. 

II.  Lemma  I.]  In  every  adfcCled  quadratick  /Equation  ax2  —  B  x  -f-  The  Number 
A—o,  whofe  Roots  are  real ,  a  fourth  Part  of  the  Square  of  the  Coeffi -of  impohible 
dent  of  the  Jecond  Term  is  greater  than  the  Red  angle  under  the  Coefficient 
of  the  firft  Term  and  the  abfolute  Number ,  or  ~  B  2  a  x  A  •,  and  vice 
verfa  if  \  B2  a  x  A,  the  Roots~of  the  2 Equation  ax 2 —  B  x  -f-  51 
A=.o,  will  be  real.  But  if  \BZ  <ax  A,  the  Roots  will  be  impoffible - 

2  B  ~h  \/  /  B  2 — axA 

This  isevident  from  theRoots  of  theEquation  being - - - - 


a 


i  B—%/  i  B2 — ax  A 

and  - 1 - . 

a 

Lemma  II.]  Whatever  be  the  Number  of  impoffible  Roots  in  the 
/Equation  xn  —  B  x 71  1  ~f~  C # ” 2  —  D  xn~~  3  d—  c.  zb  d x  3  zp  c  x 2 

rb  b  x  zp  Az=zo,  there  are  juft  as  many  in  the  A Equation  Axn  —  b  x  n  —  r 
-f-  c  xn~~  2  —  d  Xn~~  3  "+■  &  c.  db  D  X  3  zp  C  x  2  zb  B  x  zp  1  ~  0. 
For  the  Roots  of  the  laft  Equation  are  the  Reciprocals  of  thofe  of 
the  firft,  as  is  evident  from  common  Algebra.  Let  the  Roots  of  the 
biquadratick  -Equation  *  4 —  B  x  3  -b  C  x  2  —  D  x  ~b  A—o  be  a,  b, 
c,  d,  whereof  let  c,  d  be  impoffible  \  then  the  Roots  of  the  Equation 

1  1  1  1 

Ax  4  —  D  x  3  *4-  C  x  2  —  B  x  +  1  =  0  will  be  and  there» 

abed 


1  1 

fore  two  of  them  to  wit  impoffible. 

c  d 

Lemma  III.]  In  every  /Equation  xn — B  xn~~ 1  -f-  Cx1,'r~2  — 
D xn~~3  E  x*1’" 4  — i/c.  zhz  e  x  4  d  x  3  d -ex  2  =pbx  zb  A ~o, 
all  whofe  Roots  are  real ,  if  each  Term  be  multiply’ d  by  the  Index  of  x  in 
that  Term ,  and  each  Product  be  divided  by  x,  the  re  fulling  /Equation 

n  xtt~ml  —  n  —  1  B  xn  — 2  -b  n  —  2  C  xn~~  3  n  —  3  D  x71—  4  -b 
n  —  4  £  *  ”  —  5  —  £s?r.  zb  4  e  x  3  zp  3  dx2  d-  2  c  x  zzp.  b  —  0  fhall 
have  all  its  Roots  real.  Thus  if  all  ihe  Roots  of  the  Equation  x  4  — - 
B  x3  -h-  C  x2  —  D  x  -b  A  ~  0  be  real,  then  all  the  Roots  of  the 
Equation  4**  —  3  B x2  2  C  x  —  D  z=zo  will  alio  be  real. 

This  Lemma  doth  not  hold  converfly,  for  there  is  an  In  Unity  of  Cafes 

where  all  the  Roots  of  the  Equation  n  xn~~l  —  n —  1  B  x n — * 2  d- 
Yol.  VI.  C  n  —  ?. 
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n  —  2  C  3  —  n  —  %  D  x”~~  4  &c.  zk:  %  dx  2 

arc  real,  at  the  fame  Time  fome  or  perhaps  all  the  Roots  of  the  Equa¬ 
tion  x n  —  B  x K  —  1  *4 -  C  xv~~z  —  Z)  # w  ~  3  ~f~  &c.  k=.  d  x  3  zp  ex'2  zb 
b  x  zp  A  —  o  are  impoftible:  But  whatever  be  the  Number  of  impof- 
fible  Roots  in  the  Equation  n  xn~l  —  n  —  i  B  x”—  2  -f-  n  i 
C  x*"—3 — (Ac.  zb  2  c  x  zp  b  —  o,  there  are  at  lead  as  many  in  the 
Equation  xn  —  B  xn~~  1  -4-  C  xn~~ 2  (Ac.  zb  ex2,  zp  b  x  zb  A  ~o. 
Thus  all  the  Roots  of  the  Equation  4.x3  —  3  B  x  2  d~  2  C  x  — 
may  be  real,  and  yet  two  or  perhaps  all  the  four  Roots  of  the  Equa¬ 
tion  „v  4  —  B  x  3  d-  C  x  2  —  j D  x  A—  0  may  be  impoflible  *,  but  if 
two  of  the  Roots  of  the  Equation  4  x  3  —  3  B  x2  -4-2  C  x  —  D  =.0 
be  impoflible,  there  mud  be  at  lead  two  impodible  Roots  in  the 
Equation  x 4  —  B  x3  -b  C  x2  —  D  x  -h  A—o.  All  this  hath  been 
demondrated  by  Algebraical  Writers,  particularly  by  Mr.  Reyneau 
in  his  Analyfe  demontre ,  and  is  eafily  made  evident  by  the  Method  of 
the  Maxima  and  Minima . 

Coroll. ]  Let  all  the  Roots  of  the  Equation  xn — Bxn—1  -4- 
C  xr-"~~ 2  —  D  xn  3  ~l~  E  xr,~~  4  —  F xn  5  ~b  (Ac.  zb  f  x 5  zp  e  x  4 
zb  d  x 3  zp  c  x  2  dr  b  x  zp  A  —  o  be  real,  and  by  this  Lemma  all  the 
Roots  of  the  Equation  nxn^x  — n  —  i  B  xn —2  n  —  2  C  xn~  3 

—  n  —  3Dxw~4T  «  —  4  Exn—3  —  n — 5  Fxn  —  6  -f-  &c.  zb 
$fx*z^z  4.  e  x3  dz  3  Lv2  zp  2  c  x  bz=:o  will  be  real,  and  there¬ 
fore  (by  the  fame  Lemma)  all  the  Roots  of  the  Equation  n  x  n _ 1 

x*“~  2  —  n  —  x  x  n  —  2  B  xn~  3  ~4-  n —  2  x  n  —  3  C  xn—  4  —  n- _ ^  x 

n  —  4  D  xn—  5  ~f-  n  —  4X«  —  5  E  xn~  6  —  n  —  5  x  n  —  6  F  x*~  7 
*4-  (Ac.  zb  20  f  x 3  zp  12  e x2  ±  6  d x  zp  2  c  zz  0,  or  (dividing  all 

n  —  i  - - -  n  —  2  . 

by  2)  of  n  x  ■ - xn—z  —  n  —  1  x  - -  B  xn—  3  +  n —  2  x 

_  2  2 

»  •«  *  i\  Vi  ‘  . 

n  —  3 

- -  C  a4?7“”  4  —  (Ac.  zb  10  f  x 3  p  6  ^2  ±3  d  x  zp  c  =  o  will  be 

2 

real.  After  the  fame  Manner  all  the  Roots  of  the  Equation  n  x 

n  —  1  n  —  2  .  , ..  n  —  2  n  —  3  — 

u - -  x  - - xn~ 3  —  n  —  1  x - x - ■■  B  xn  4  ~h  n  —  2  x 

2  3  /  2  3 

n  —  3  n  —  4 

— — -  x  — —  C  xK— 3  — (Ac,  zb  10  fx 2  zp  4  e  x  zb  dz=zo  will  be 
2  .  3 

real ;  and  thus  we  may  defeend  until  we  arrive  at  the  quadratick 

n  —  1  - - 

Equation  n  x  ™  x 2  — -  n  —  1  B  x  A-  C—o.  The  fame  Equa- 

2 


tions 
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Ti 


tions  do  afcend  thus  n  x 


n —  i 


n 


x 


n 


i  B  xdr  C  ao,  nx 


n 


n 


n 


x 


n 


i  x 


B x2  -b n  —  2  C x  —  £)  —  <?,  nx 


n 


2  n 

—  X  “ 


n 


—  n— i  x- 


2  n 

—  x  - 


n 


B  x  3  "b  n  —  2  x 


3 


C x7  —  n  —  3  Da:  +  E  —  o,  nx 


7i  —  i  n  —  2  n  —  3  n 

- x - X - x  — 


X 


n  — 


—  ;;  —  2  n 

i  x - x  — 


3  n 

—  x  — 


n 


Bx*+n  —  2  x 


3  n  —  Ar 

—  X  — 


C  x 3  — ■  n  —  3  x 


»  —  4 


Da*2+«  —  4  —  F=0,  and  fo  on.  Let 


AT  reprefent  any  of  the  Coefficients  of  the  ./Equation  a*”  — B x”-*1  -b 
—  D  xn~~m  3  -b  E  at”"-4  —  zb  A  —  o,  and  let  L ,  iV  be 
the  adjacent  Coefficients,  let  Afbethe  Exponent  of  the  Coefficient  M: 
By  the  Exponent  of  a  Coefficient  I  mean  the  Number  which  exprefieth 
the  Place  which  it  hath  among  the  Coefficients  \  thus  if  M  reprefent 
the  Coefficient  E  (and  therefore  L  —  D  and  N  —  F)  then  m  —  4.  It 
will  be  eafy  to  fee,  that,  amongfl  the  foregoing  afcend ing  ./Equations, 

n  —  i  n  — '2 

that  which  hath  its  abfolute  Number  N  will  be  n  x  —  . . x - x  &c. 


n — m 


m~h~  1 
n  —  m 


x 


m+  x 


n  —  ix 


n  —  2  n — 771  — 

—  x  — - B  xm  •+■  n  —  2  x  &c> 


m 


n  —  m 


C  xm~~ 1  —  &c.  dan  —  mdr  1  x 


Lx7,  =p  n  —  7n  M x 


m —  1  2 

zb  N~o,  all  whofe  Roots  are  real  when  all  the  Roots  of  the  iEqua- 
tion  x n  —  B  x n— 1  -b  C  7  —  CFc.  zb  A  —  0  are  real.  Let  N—F 
and  therefore  M—  £,  L~D  and  m  —  4,  then  that  of  the  afcending 


./Equations  whofe  abfolute  Number  is  E,  will  be  n  x 


n 


n 


n  —  3  n  —  4 


71 


X 


n  —  ix 


2  n  —  3  n 

—  x- - x  - 


B  at4  -b  n  —  2  x 


4 


n 


3  »  — 4^  — — 

—  x  —  Cx  3  —  n  —  3  x 


n 


D  x7  *b n  —  4  Ex  —  Fz=  0. 
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Prop.  I.]  Let  —Bx”-'-hC  x”~2  —  D  x»~i  +  E  x»^—  (Ac. 
±  e  x^^cl  d  x's  db  c  xz  =p  b  x  d=  A~obe  an  r. Equation  of  ^  any  Dimen - 
fi'ons ,  all  wbofe  Roots  are  real ;  let  Ad  be  any  Coefficient  of  this  r Equation , 
L,  Nthe  adjacent  Coefficients,  and  m  the  Exponent  cf  M.  Then  the  Square 

^  ax/2 — w 

any  Coefficient  At  multiply* d by  the  Fraction-*.  will 

always  exceed  the  Redlanffe  under  the  adjacent  Coefficients  L  x  N.  Thus 

in  the  Equation  **— B  x*  -f-  Cx2—Dx-b-A  =  o  where  «  =  4, 
making  M-C  and  therefore  L-B,  N=zD,  and  ^2-2,  then 

x  C2  or  ~C2  will  exceed  5xD  providing  all  the 


2x4 


2+1x4  —  2+1  ^ 

Roots  of  the  ^Equation  be  real. 

Becaufe  (by  Lem.  3.)  the  Roots  of  the  quadratick  Equation 

n — 1  .  .  1  ■ 

;;x~ _ X2 — n — I  B  x-\-  C=zQ  are  real,  therefore  (by  Lem.  i.)  \  n — il2 

*  2  n —  1 

x  B 2  muft  be  greater  than  n  x - 


x  C,  and  (dividing  both  by 


n 


1  n 


n  x 


A _ x  B2  greater  than  i  x  C.  Therefore  in  the  Equation 

2  s  2  n 

xn _ ft xn~ I  Cx * -2 —  D  x n-  3  -f- (Ac.  AaA~o  of  the  n  Degree, 

all  whofe  Roots  are  real,  the  Square  of  B  the  Coefficient  of  the  fe- 

n  —  1 

cond  Term,  multiply  M  by  the  Fra&ion - is  greater  than  i  x  C, 

2  n 

the  Redangle  under  the  adjacent  Coefficients.  But  (by  Lem.  2.)  all 

the  Roots  of  the  Equation  Ax»—b  x"-1 —  (Sc.  ±  C  x  2 

b  c 

spR  x  ±  1  =0,  or  (dividing  by  A)  of  xn - x n—1  -f-  —  xn—z — 

C  B  1  A  A 

lfc,  ± _ x2  —  .v  ±  —  =  0  are  real ;  therefore  (from  what  hath 

A  A  _ A  *  ~  ~ . * 

n — 1  b  2  c 

been  juft  now  faid)  - x - muft  be  greater  than  1  x—  and con- 

2  n  A 2  A 

n — 1 

fequently  . _ xb2  greater  thanrx^f.  Therefore  in  an  ^Equation 

2  n 

v  n _ _  ft  xn—  1  -f-  c  xn~~ 2  —  (Ac.  ±  c  x2  b  x  =±=  A  =  0,  of  the  /2  De¬ 

gree,  all  whofe  Roots  are  real,  the  Square  of  the  Coefficient  of  # 

n — i 

mukiply’d  by  the  Fradion - is  greater  than  the  Redangle  under 

2  n 


the 


*3 
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the  Coefficient  of  x2  and  the  abfolute  Number  :  But  by  Cor.  Lem.  3. 

n — 1  n  —  2 

all  the  Roots  of  the  Equation  n  x - x - x&c.  x 


n  —  m 


x 


1 


m  -f- 1 


n 


1  x 


n  — 2  n — m  -  n — m 

-  x  &c.  x - -  B  xm  -+•  n  —  2  x&c.  - Cxm— r  &c. 


VI 


m — i 


n — m 


dh  n — m  ~f~  1 


x  Lx 2  zjfz  n — m  Mx  rb  N  0  are  real  j  there¬ 


fore  (feeing  this  ^Equation  is  of  the 


m 


_ 1  Degree)  the  Square  of 

m~\~  1  —  1 

n—m  x  M  multiply’d  by  the  Fraftion  ~  x~~ x  will  be  greater  than 


n  —  m 


the  Redlangle  under  n — m~h  1  x 


xL  and  N9  that  is, 


m 


2  x  m~hi 


_  n — m 

xn—m\2  x  M 2  will  be  greater  than  n  —  1  x - x  LxN,  and 

2 


therefore  (dividing  both  by  n  —  m  -t- 


1  x 


mxn  —  m 


m-t-  lxn  —  m  ~f~  1 


x  M2  greater  than  Lx  N. 

n  n — 1  n  —  2  n  —  3 

Coroll .]  Make  a  Series  of  Fractions  — ,  - ,  - , - ,  &c* 

1  1234 

unto — ,  whofe  Denominators  are  Numbers  going  on  in  the  Progreffion 
n  .  ’  . 

1,  2,  3,  4,  i£c.  unto  the  Number»  which  is  the  Dimenfions  of  the  ^Equa¬ 
tion  xn —  B  x71—1  -+-  C  xr-—2  —  fc.  ±  A  rr  o ,  and  whofe  Numerators 
are  the  fame  Progreffion  inverted.  Divide  the  fecond  of  thefe  Fractions 
by  the  firft,  the  third  by  the  fecond,  the  fourth  by  the  third,  and  foon, 
and  place  the  Fractions  which  refult  from  thisDivifion  above  the  middle 


2  n  3  X  n  —  i  4  X  n  ~  2 


Terms  of  the  ^Equation,  thus  xn —  Bxn~~  1  +  C  x Dx?i~-i  d- 

4  x  »  —j. 

5  xn  —3 

E  + —  &c.  ±  A~o.  Then  if  all  the  Roots  of  the  ^Equation 
are  real,  the  Square  of  any  Coefficient  multiply’d  by  the  Fraction 
which  Hands  above,  will  be  greater  than  the  Rectangle  under  the 
adjacent  Coefficients.  This  Corollary  doth  not  hold  converfly,  for 
there  is  an  Infinity  of  .Equations  in  which  the  Square  of  each  Co¬ 
efficient  multiply’d  by  the  Fra&ion  above  it,  may  be  greater  than 
the  Re&angle  under  the  adjacent  Coefficients,  and  notwithstanding 

\  fome 
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fome  or  perhaps  all  of  the  Roots  may  be  impoffible.  Therefore 
when  the  Square  of  a  Coefficient  multiply’d  by  the  Fraction  above, 
is  greater  than  the  Redangle  under  the  adjacent  Coefficients,  from 
this  Circumllance  nothing  can  be  determined  as  to  the  Poffibility  or 
Impoffibility  of  the  Roots  of  the  ^Equation :  But  when  the  Square 
of  a  Coefficient  multiply’d  by  the  Fraction  above  it,  is  lefs  than  the 
Redangle  under  the  adjacent  Coefficients,  it  is  a  certain  Indication 
of  two  impoffible  Roots.  From  what  hath  been  faid,  is  immediate¬ 
ly  deduced  the  Demonftration  of  that  Rule  which  the  moft  illus¬ 
trious  Newton  gives  for  the  determining  the  Number  of  impoffible 
Roots  in  any  given  ^Equation. 

Schold]  Let  the  Roots  of  the  ^Equation  xn —  Bxn—1  -f-  C  xn— 2  — 
D  x  -f-  E  x  ”“*4 —  F x  ”  5  -f-  &c.  zb  Az=z  o  (with  their  Signs)  be 
reprefented  by  the  Letters  a,  b>  c,  d,  <?,/,  g ,  then  fas  is  com¬ 
monly  knownj  B  will  be  the  Sum  of  all  the  Roots  or  ~a~\~b~\-c 
-4-  d~F  e  -P-/H-  &c.  C  the  Sum  of  the  Produds  of  all  the  Pairs  of 
Roots,  or  =  ab  -f-  a  c  -f-  a  d-\-  af  H-  a  g  T-  Csfr.  D  the  Sum  of  the 
Produds  of  all  the  Ternaries  of  Roots,  or —  abc  +  abd-Fab  e~h 
abf“\-abg-\-&c.  E  —  a  b  c  d  +  ab  ce  -f-  ab  cf  -dr  a  b  c  g~F  &c. 
F=  ab  c  d  e  -f-  a  b  c  df~\~  ab  c  d  g  -f-  b  c  d  ef  -f-  &c.  and  fo  on.  Let 
fas  in  this  Proposition)  M  reprefent  any  of  thefe  Coefficients,  L,  N 
the  adjacent  Coefficients,  and  m  the  Exponent  of  M ;  Jet  Z  repre¬ 
fent  the  Sum  of  the  Squares  of  all  the  poffible  Differences  between 
the  Terms  of  the  Coefficient  Af,  let  a  be  the  Sum  of  all  thofe  of  the 
forefaid  Squares  whole  Terms  differ  by  one  Letter,  /3  the  Sum  of  all 
thofe  Squares  whofe  Terms  differ  by  two  Letters,  y  the  Sum  of 
thofe  Squares  whofe  Terms  differ  by  three  Letters,  the  Sum  of  thofe 
Squares  whofe  Terms  differ  by  four  Letters,  and  fo  on. 

Thus  if  Af  —  F—  abode  ~f~  a  b  c  d  f  ~f~  a  b  c  d  g  +  iFc. 

Then  Zz=.a  b  ede — a  b  c  df  ]  2  -P-  a  be  d  e  —  a  b  c  dg  \z  -f- 

abode  —  ab  cf  gj  2  be  def  —  abf  gh[  2  -f-  &V. 
a—  ab  c  d  e  —  ab  c  df\  1  ~+-  ab  c  de  —  abcdg\ 2  -+- 

a  be  d  e —  a  b  c  d  h\ 2  -f-  b~cd  e  f—  b  ede  g\ 2  -4-  (Fo. 
/3  =  abode  —  ab  c  f g\2  *4-  at?  e  a  e  —  at?  cf  h>  2  ~+~ 
t?  c  d  e  f —  a  c  df  h\ 2  &c . 

y  =  a  b  ede — a  bf  gh\  2  a  b  c df —  a  beg  /j  2  -f-  &c. 

<f  —  ab  ede —  af  g  h  k\  2  4-  aedf  g  —  a  b  e h  k\  2  -f-  &c. 

This  being  laid  down,  I  fay  that  the  Square  of  any  Coefficient  Af  mul- 

m  x  n  —  m 

tiply’d  by  the  Fradion  r-rr-r- —  —  exceeds  the  Redangle 

m  *4-  i  x  n  —  m  -h  i 


under 


in  AdfeSled  JEquaticns. 


n 


i  x  Z 


under  the  adjacent  Coefficients  L  x  TV,  by  —  - ~ - a  — 

m~ 4-  i  x  n  —  i  2 

ill'  iii 

— - y  - - cA  —  Ac.  The  Series - a - /3 - y  — 

3  4  5  2  3  4 

Cfc.  muft  confifh  of  m  Number  of  Terms. 

Let  the  ^Equation  be  x  5  —  B  x  *  -b-  C  x  3  —  D  x  *  E  x  —  A 
o ,  whofe  Roots  let  be  a ,  c,  in  which  Cafe  n  —  Let 

jVf  —  B  —  a  -4-  b  ~4~  c  -f-  d  +  <?,  then  L  —  r, _ A  —  G,  w  —  1,  Z  ~ 

<3  —  ~4~  b  —  <r|  2  T-  Ac.  ~  a  ; 

2 


a  —  b\  2  a  — c) 2  ~4~  a  —  a 

therefore  - 


1x5  —  1 


1  4  1 


x  B 2  or  —  i?  2  exceeds  1  x  C  by 


1x5  —  1  1-  *  5 

PFTxZ  13  1  f 

■  — - -  - a  —  —  Z - a  —  (becaufe  Z  ~  a.) 

I  “4“  1X5 -  *  “4”  *  2  5  2 

I  I  _  I  I 


b\2 


a 


clz  - f-  —  a —  djz  (Ac.  which  is  al¬ 
io 


—  Z  —  —  ci- 
10  10  10 

ways  a  pofitive  Number  when  the  Roots  a ,  b>  c ,  J,  e  are  real,  pofitive 
or  negative  Numbers. 

Let  M  —  C  —  a  b  -4-  a  c  “4-  a  d  -f-  a  e  ~f~  b  c~b~  A c.  then  L  ~  By 
N  z=zD,  m  —  2. 

•  >  *  .  u  -  •  -  ••  \  •.  -  ' 


Z  —  a  b —  a  c  I1  ~4-  a  b  — adp  a  b  —  c  d\z  +  a  b  - —  de f2  -4-  (Ac* 


a —  ah  —  a  c]z  a  b  —  aci'  a b  —  a  e[z  H~£5V. 


i , 


~ab  —  c  dp  +  a  b  —  c  cl 2  +  a  b  —  d  e\ 2  +  Ac. 


A 


Therefore 


2x5 


by 


5  H~  i  x  Z 


=  x  C  2  or  —  C2furpaffeth  J?xD 

1  2 

1  1 


2  -f-  i  x  5  —  4  “4-  1 


1x5  —  2 

1 

- a - /3  =  (becaufe  a  4  p)  — 

2  3  6 

— xab — cdb-h — xab — c  e[z  +  —  xab — del  2  ~4-  (Ac* 
6  6  6 
which  is  always  a  pofitive  Number  when  the  Roots  b ,  c,  J,  ^  are 

real  Numbers,  pofitive  or  negative. 

Let  M  =  D  —  ab  c  ~f-  a  b  d  H-  a  b  e  ■+■  a  c  d  “4-  ace  ~4-  Ac.  then 
L—C ,  N—E ,  m—  3 . 


Z  —  ab  c  —  ab  d\z  ~4~  a  b  c  —  a  b  e  \z  ~4~  a  b  c  —  ad  e\l  ~4~  A  c. 
a  —  abc — abcl’‘~habc — a  b  d2,  a  b  c — ac  ~d2  -f-  6?r. 


0  ~ 


T5 


ab  d2  •+■  a  b  c 


Cthe  Number  of  impofftble  Roots 


3  -=zab  c  —  ad  t\z  -h  ab  c  —  c  de\^  4-  a  b  c  —  b  d  ef  4- 


y  zzO.  - 

Therefore 


3*5—1 


3+1x5— 3+1 

5-f-i  1 


x  D  z  or  —  D 2  exceeds  C  x  E  by 


3-T-1  x  5  —  3  +  i 


xZ 


3  —  (becaufe  Z  =  a  4-  3  = 


a 


d  tV  4 - x  abc — c  d  —  ab  c  —  b  d  e\z 

6  6 


• —  x  3)  =  —  xab  c  - 
6  6 

4- &?-*•.  which  is  a  pofitive  Number  when  the  Roots  are  real  Num¬ 
bers. 

Let  M  —  E—abc  d~hab  c  e-ha  bde-hbcde-h&c.  then  P  —  Z), 


3V=^f,  w—4,  Z=zabc  d — -habcd— bcde\zh-  abed — <3  c 

4  x  5~—  4"  2 

4- &V.  =  a,  (3—o  =  yz=Lcb,  therefore  •== - : ■ - -x  Ez or  —  Ez 

4-1-  1x5  —  44-1  ^ 


exceeds  Z)  x  A  by 


5+1 


i  3  1 

xZ  —  —  a  =  —  Z  — an 


4  4~  1x5  —  4 


—  Z  —  —  x  abed  —  #  £  c  2  4-  —  xab  c  d  —  b  c  de  j2  4~  which 

10  10  10 

is  a  pofitive  Number  when  the  Roots  are  real  Numbers. 

Prop.  II.  Let  xn  —  B  x *~“I  4-  C  x  r,~~z  —  D  x  *“3  4-  E x  —  &c. 
±  A  =±  0  be  an  A Equation  of  any  Degree ,  wbofe  Roots  with  their  Signs 
let  be  exprejfed  by  the  Letters  a ,  b ,  c9  <Z,  /,  £s?r.  let  M  reprefent  any 

Coefficient  of  this  j. Equation ,  L>  N  the  Coefficients  adjacent  to  M\  K,0 
the  Coefficients  adjacent  to  L ,  iV;  /,  P  adjacent  to  K,  O  j  Z/,  ^ 
thofe  adjacent  to  /,  P,  <277  J  fo  on.  Let  m  represent  the  Exponent  of  M , 
^7/^  let  Z  (as  in  the  preceding  Propofition )  reprefent  the  Sum  of  the 
Squares  of  all  the  poffible  Differences  between  the  Terms  of  the  Coeffi¬ 
cient  M.  Then  the  Product  of  the  Square  of  any  Coefficient  M  multi - 

1  i 


plfd  by  the  Fraction  —  x  1  — 


n 


n  x 


in  —  2  n 

-  X - x&c.  X  — 


m 


'doth 


m 


always  exceed  Lx  N  —  K  xO  -h  lx  P  —  H  x  Q  4~  &V.  by 

i  Z 

7  which  is  always  a  pofitive 


n  —  1  n  —  2  n 

,n  x - -  x _ _ _ x  &c.  x  ~~ 


m 


m 


Number. 
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Number,  when  the  Roots  a,  b,  c,  d,  e  &c.  are  real  Numbers  pofitive 
or  negative.  Let  the  ^Equation  be  of  the  feventh  Degree  or  x7  — 
B  x  6  -f.  c  x  s  —  X)  x*  -+-  Ex}  — Fx  1  -f -  G  x  —  A  =o,  whofe 
Roots  let  be  a,  b,  c,  d,  e,f,  g,  in  which  Cafe  n  =  7.  Let  M—  E  — 
ab  c  d  -+-  a  b  c  e  a  b  cf  -+-  a  b  c  g  -4-  b  c  d  e  -+-  &c.  then  m  ■=.  4, 
L  =  —  D,  N=  —  F,  K—C,  0=G,  I=  —  B,  P  =  —  A , 

Z=abcd—abce\2  +  a  b  c  d — a  b  c  a  b  c  d — a  b  c  g| 1  -4-  &c. 

1  - 7 -  l7 

Therefore  —  x  1 - x  E  7  or  —  E  *  exceeds 

2  654  35 

7  x - x - x - 

2  3  4 

iZ  Z  I 

D\F- — CxG-’-B  xA by  - or- - = - x  abed — abce  1’ 

'  6  5  4  70  70 

7  X  X  —  X  

I  _ _ 234 

■+-  — ■  x  a  b  c  d  —  ab  cf\*  &c. 

70  •  . 


From  this  Propofttion,  is  deduced  the  following  Rule  for  deter» 
mining  the  Number  of  impoflible  Roots  in  any  given  /Equation. 
From  each  of  the  Unciae  of  the  middle  Perms  of  that  Power  of  a  Bi¬ 
nomial,  whofe  Index  is  the  Dimenfons  cf  the  fro po fed  PE  qu  at  ion,  fub- 
tradl  Unity ,  then  divide  each  Remainder  by  twice  the  Correfpondent 
Uncia,  and fet  the  Fractions  which  refidt  from  this  Divifion ,  above  the 
middle  Perms  of  the  given  /Equation .  And  under  any  of  the  middle 
Perms  if  its  Square  multiplied  by  the  Fraction  ftanding  above  it ,  be 
greater  than  the  Re  It  angle  under  the  immediately  adjacent  Perms ,  Minus 
the  Rectangle  under  the  next  adjacent  Perms ,  Plus  the  Retiangle  under 
the  Perms  then  next  adjacent  —  &c.  place  the  Sign  -P,  but  if  it  be 
lefs ,  place  the  Sign  — .  And  under  the  firft  and  l aft  Perm  place  -f-. 

And  there  will  be  at  leaf  as  many  impoffble  Roots ,  as  there  are 

Changes  in  the  Series  cf  the  under-written  Signs  from  -h  to  — ,  or 
from —  to  -K  Let  it  be  required  to  determine  the  Number  of  im¬ 
poflible  Roots  in  the  /Equation  .v  7  —  *x  6  +  i  5  x  5  —  2  3  .*•  4  -f~ 
1  8  *  3  +  10; c  2  —  2  S  x  24  —  O.  The  Uncicz  of  the  middle 
Terms  of  the  7th  Power  of  a  Binomial  are  7,  21,  35,  35,  21,  7, 
from  which  fubtra&ing  Unity,  and  dividing  each  of  the  Remainders 

6  20  34 

by  twice  the  correfpondent  Uncia ,  the  Quotients  will  be _ , _ _ _ , 

,14  42  70 

6  3  10  17  17 


34 


20 


10 


or 


14  42 

which  Fractions 


7 


2'i  35  35  2 1  7 

D 


place 


70  42  1 4 

Vol.  VI, 


The  Number  of  impoffible  Roots 


JL 

7 


place  above  the  middle  Terms  of  the  ^Equation,  as  x  7  ~  5  x5 6 


±  2. 
2  X 


12 
3  5 


I  7 

3  5 


I  c. 

3  X 


4-  15  .V5’— *2  3.y+4-’i8.v34-  io.v2—  28*4-24  =  0.  Then  be- 
4-  —  4-  —  4—  4- 

caufe  the  Square  of  —  5a;*5  multiply’d  into  the  Fraction  over  its 

3  .  75 

Head - ,  to  wit  —  x  1  z  is  lefs  than  *  7  x  1  5  x  5 *  or  1  5  x  1 2  I 

7  7 

place  the  Sign  —  under  the  Term  5  x  6.  Becaufe  the  Square  of  15  x  s 

10  7  05 

multiply’d  by  the  Fraction  over  its  Head - to  wit - 

r  217 

er  than  - 


.v1 0 *  isgreat- 


5  x6  x 


2  3 


.V 


x7xi8x3=97*ro  I  place  the 
8993 

Sign  -+-  under  the  Term  1  5  x  5.  Seeing - x  8  (the  Square  of  the 

35  17  x 

Term  —  2  3  x  4  multiply’d  by  the  Fra&ion  over  its  Head  - J 


35 


is  lefs  than  1  5  x  5  x  1  8  x  1  —  5^6  x  1  ox  “  4-  x  7  x  2  3  x 

-29  2xs}  I  place  the  Sign  —  under  the  Term  231*4,  Becaufe 


1  8  x  31‘ 


1 7 


5508 


or 


x  6  exceeds 


2  3^4x  iox 


35 


35 


1  5  x  7  x 


5  x  2  g  %  -{-  — 5^^  x  24  =  70^  6  I  place  the  Sign  4-  un- 


10  1000 

der  the  Term  i  8  x 3 .  Skice  io^fx - or - x  *  is  lefs  than 


21  21 

_hl8*3x_2S*  —  -23^x24  =  48»+  I  place  the  Sign 


under  the  Term  10  *  *.  Becaufe  28  r|H - or  33 6  x  2  is  greater 

7 

than  iox’2x24  =  240a-s  under  28  *  I  place  +,  then  under  the 
firft  and  laft  Terms  I  place  -1-  5  and  fix  Changes  of  underwritten 

Sions  (hew  thete  are  fix  impoffible  Roots. 

If  the  impoffible  Roots  were  to  be  found  by  the  Newtonian 

Rule,  the  Operation  would  Hand  thus : 

,  i  z  i.  i.  •*. 

z  o  4  397 

7  6  -4-  jc  x  5  4-  23  x  4  4-  18  x  3  +  1 0*2 — 28  #4-24  =  o? 

5*  +  +  _r_  _i_ 


x 

4- 


bv  which  Rule  there  are  found  only  two  impoffible  Roots,  where- 

J  -  oc 


*9 


in  AdfeEied  ^Equations. 

as  there  are  fix,  to  wit,  i  ~h  ^  —  3,  1  —  1/  — ■  3,  1+  /  —  2 
i — v7  —  2,  i-P-v'' —  1,  1 — 1/  —  1,  the  feventh  Root  being  —  1. 

*S  I  R , 

III.  I  Wrote  to  you  laft  Winter  -f,  that  I  had  thought  of  a  very  Of  JEqu-r.h w 
eafy  and  fimple  Way  of  demonftrating  Sir  If aac  Newton' s  Rule, 
by  which  it  may  be  often  difcover’d  when  an  /Equation  has  im-  c.Mactauriu 
poffible  Roots.  This  Method  requiring  nothing  but  the  common  N°?94./>.  104. 
Algebra,  and  fome  obvious  Properties  of  Quantities  de  moult  rated 
in  the  following  Lemmata ,  I  hope  it  will  not  be  unacceptable. 

Lemma  I.]  cLhe  Sum  of  the  Squares  of\two  real  Quantities  is  al¬ 
ways  greater  than  twice  their  Product,  Thus  a 3  ~\~b  2  is  greater  than 

- —  ■  .  2 

2  a  b\  becaufe  the  Excels  a2  -\-b  2  —  2  ab  is  equal  to  a  —  b ,  and  there¬ 
fore  is  Pofitive  *,  fince  the  Square  of  any  real  Quantity,  Negative 
or  Pofitive,  is  always  Pofitive. 

Lemma  II.]  The  Su?n  of  the  Squares  of  three  real  Quantities  is  al¬ 
ways  greater  than  the  Sum  of  the  Products ,  that  can  be  made  by  mul¬ 
tiplying  any  two  of  them.  Thus  a  2  -4-  b2  -4-  c  2  is  always  greater 
than  a  b  -4-  a  c  -4-  b  c  ,  for  ’tis  plain,  that  the  Excels  a  2  -4-  b  2 

,  .  2  ^24-2  +  2  f  2  —  2  ab —  2  ac  —  2  be 

•ire  2 — ab — a  c — b  c— - 

2 

a  z  —  7.  ab  “f-  b  2  a 2  —  2  a  c  ~4-  c  2  -4-  b  2  —  7  b  c  -4-  c  2 

-  2  ,  i..—  2  - - a  2 

a  —  b  +  a — c-hb —  c  that  is,  half  the  Sum  of  the  Squares  of 

2 

the  Differences  of  the  Quantities  a9  b ,  c :  But  fmee  thefe  Squares 
are  Pofitive,  it  follows  that  the  Excels  of  tiz -\-bz -h- c  2  above 
abPrac-hbc  is  Pofitive,  and  that  the  Sum  of  the  Squares  of 
three  Quantities  muft  be  greater  than  the  Sum  of  the  Produ&s 
made  by  multiplying  any  two  of  them. 

Lemma  III.]  Sfhe  triple  Sum  of  the  Squares  of  four  .Quantities  is 
greater  than  the  double  Sum  of  the  Products,  that  can  be  mack  by 
multiplying  any  two  of  them ;  for  3  2  -4-  3  bz-h^cz-h^dz  —  2  ab 

»  —  2  a  c  —  2  ad  —  lb  c  —  2  bd  —  2  c  d  —  a  z  —  2  a  b  — f—  b  z  ~f~  a  z 
—  2  ac- f-  cz  ~f~  a  2 —  2  a  d-\-  dz  *4-  b  z  —  2  b  d- f-  dz  -4-  bz  —  2  be 

-4-  c  2  *4-  c  2  —  2  c  d  “4*  dz  —  a  —  b  "4~  a  — c  ~4~  a  —  d  ~h  b  —  c 

, .  2  -  2 

b  —  d-hc — d9  the  Sum  of  the  Squares  of  the  Differences  of  the 
four  Quantities  a ,  b9  c,  d.  Therefore  3  az  -4-  3  £  2  -4-  3  c  2  -h  3  d2 
is  greater  than  2  a  b  -h  2  ac  -h  2  a  d  2  b  c  -i-  2  b  d  -i-  2  c  df.  the 
Excels  being  always  Pofitive. 


*  Martin  Folkes ,  Efq; 

D  2 


t  ,725* 


Lemma 
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Lemma  IV.]  Let  the  "Number  of  the  Quantities  a,  by  c ,  c/,  <?,  See. 
be  m,  the  Sum  of  their  Squares  A ,  and  the  Sum  of  the  Produffs 

made  by  multiplying  any  two  of  them  B.  'Then  /hall  m  —  i  x  A  be 

alwa\s  greater  than  B.  _  2 

For  by  adding  together  the  Squares  of  the  Differences  a  —  b , 
a —  a  —  d,  b — c,  b — d,  c  —  d ,  See.  you  add  a  2  as  often  to  it  felf  as 
there  are  Quantities  more  than  a  *,  the  fame  is  true  of  b2y  c z,  d  2, 
2,  &c.  But  the  Redfangles  —  2  ab,  —  2ac,  —  2  ad,  —  2  bcy—ib  d , 
&c.  arife  but  once  each.  I  herefore  the  Sum  of  all  tne  Squares 
- a - z  - 2  - z  ~ 

0 — by  a  —  c9  b —  cy  b  —  d.  See.  ~m  —  1  xaz  -h  m — ixrff 
m  —  1  x  czy  See.  —  2  ab  —  2  ac  —  2  be ,  See.  —  1  x  A  —  2  B. 

_  ^  i  _ — .  ^ 

But  a  —  b  -f-  a  — c  -ha  —  d>  Sec.  is  always  a  pofitive  Quantity ; 

therefore  m —  1  x  A  —  2  B  is  Pofitive,  and  confequently  m  1  x  A 
greater  than  B.  2 

Coroll.]  It  appears  from  the  Dcmonftration,  that  the  Excefs  of 

m — 1  xA  above  2  B  is  always  equal  to  the  Sum  of  the  Squares 
of  the  Differences  of  the  Quantities  by  c,  d.  Sec.  and  that  when  the 

Quantities  a ,  by  r,  d9  Sec.  are  all  equal,  then  m  —  1  x  A  —  2  B  z=.  0, 
and  with  this  Reftridtion  the  preceding  Lemmata  mult  be  under- 
flood. 

It  is  to  be  obferved,  that  tho’  we  have  fuppofed  in  thefe  Lem¬ 
mata  the  Quantities  a,  by  c%  d9  Sec.  Pofitive,  they  are  a  fortiori 
true  of  Negative  Quantities,  whofe  Squares  are  the  fame  as  if  they 
were  Pofitive,  while  the  Sum  of  their  Produ&s  is  either  the  fame, 
or  lefs  than  it  would  be,  were  they  all  Pofitive. 

Prop.  I.]  In  a  Quadratic  Adequation  that  has  its  Roots  ready  the 
Square  of  the  fecond  Perm  muft  be  always  greater  than  the  quadruple 
Product  of  the  third  and  firfi  Lerms. 

Let  the  Roots  of  the  Quadratic  ^Equation  be  reprefen  ted  by 
~h  a  and  -f-  b  and  if  x  be  the  unknown  Quantity,  then  fhall 

x  2  • —  a  x  -dr  ab  —  o 
• —  b  x 

Now  fince  a2  +  b2  is  greater  than  2  a  by  by  Lemma  1,  therefore 

a 2  !  b  2  1  2  a  b  is  greater  than  4  ab  \  therefore  a  T-  b  x  sc  2,  the 
Square  of  the  fecond  Term,  will  be  greater  than  4 abxx2  the 
Quadruple  Produ£t  of  the  firfi:  and  third  Terms. 

Prop.  II.]  In  any  Cubic  Adequation y  all  whofe  Roots  are  realy  the 
Square  of  the  fecond  T erm  is  always  greater  than  the  triple  Produff 
of  the  fir  ft  and  third. 


If 
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impoflible  Roots. 

If  the  Cubic  ^Equation  has  all  its  Roots  real,  they  may  be  re- 
prefented  with  their  Signs  by  a>  b,  c ,  and  the  ^Equation  will  be 
exprefied  thus  : 

y  3  —  ay  2  a  b y  —  a  b  c  —  o 

—  by2  -T- acy 

—  c  y  2  ~r~  b  cy 

But  by  Lemma  2,  a2  ~\-b2~\~c2\s  always  greater  than 
ab-\~ac-hbc\  and  confequently  adding  2  ab  2  a  c+  2  b  c  to 

both  fides,  a2 -\~b2~\-c  2 -\-2  ab~\~2ac~\~  2b  c  ( ~a~\-b-\-c  ^ 

* - 2 

will  be  greater  than  3  ab~h  3  a  c  -4-  3  b  c  ;  and  therefore  a~h  b~hc 

x  y  4  mud  be  greater  than  3  a  b  T-  3  ac~ T  3  be  xy  4,  that  is,  the 
Square  of  the  fecond  Term  mull  be  greater  than  the  triple  Pro- 
duft  of  the  firft  and  third  Terms. 

Cor  oil.  1.]  In  general,  it  appears  from  the  Demonftration,  that 


the  Square  of  the  Sum  of  three  real  Quantities,  a~\~b  +  c  is  always 
greater  than  the  triple  Sum  of  all  the  Produces,  that  can  be  made 
by  multiplying  any  two  of  them  into  one  another. 

Coroll.  2.]  It  follows  from  the  Proportion,  that  when  the  Square 
of  the  fecond  Term  is  not  greater  than  the  triple  Product  of  the 
firft  and  third  Terms,  the  Roots  of  the  ^Equation  cannot  be  all  real  ; 
but  two  of  them  mult  be  impoflible  :  and  this  plainly  coincides  with 
one  Part  of  Sir  Ifaac  Newton's  Rule  for  difeovering  when  the  Roots 
of  Cubic  ./Equations  are  impoflible. 

He  deli  res  you  may  write  above  the  middle  Terms  of  the  ^Equa¬ 
tion,  the  Fractions  j,  j,  as  in  the  Mar¬ 
gin  ;  and  placing  the  Sign  -f-  under  the  j  f 

firft  and  fill  Term,  he  multiplies  the  x  3  ~hp  x  2  +  q  x  -f-  r  —0 
Square  of  the  fecond  Term  by  theFrac-  -f-  —  % 

tion  j  that  is  above  it ;  and  if  the  Pro¬ 
duct  is  greater  than  the  Product  of  the  adjacent  Terms,  he  places 
-h  under  the  fecond  Term  ;  but  if  that  Produdt  is  lefs,  he  places 
—  under  the  fecond  Term,  and  fays,  there  are  as  many  impoffible 
Roots  as  Changes  in  the  Signs.  Now  by  this  Propofition,  if  p2  x4, 
is  not  greater  than  3  ^x4,  or  j  p  2  x  4  greater  thanyx  4,  the  Roots 
cannot  be  all  real.  The  fame  Suppofition  makes  two  Changes  in 
the  Signs,  whatever  Sign  you  place  under  the  third  Term,  fince  the 
Signs  under  the  firft  and  Iaft  are  both  ~T  ;  and  therefore  this  pro¬ 
pofition  demonftrates  the  firft  Part  of  Sir  Ifaac  Newton's  Rule,  as 
far  as  it  relates  to  Cubic  z Equations . 

Coroll.  3.]  If  the  fecond  Term  is  wanting  in  a  Cubic  ^Equation , 
and  the  third  is  Pofitive,  two  of  the  Roots  of  the  ^Equation  muft 

be 
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be  mipoffible  :  for  the  Square  of  the  fecond  Term  (equal  to  nothing  in 
this  Cafe)  will  be  Ids  than  the  triple  Product  of  the  adjacent  Terms. 
But  this  will  better  appear  from  confidering  that,  when  the  fecond 
Term  vaniihes  in  an  Aquation,  the  Pofitive  and  Negative  Roots 
are  equal,  and  when  added  together,  deftroy  each  other.  Suppofe 
the  Roots  to  be  +  a  and  —  /;,  —  c  *,  then  in  this  Cafe  a  =  d~  b 
c,  and  the  Coefficient  of  the  third  Term  will  be  —  ab  —  ac 
-f-  be—  —  b 1  —  2  be  —  c  1  ~\~b  c  ~  —  b  2  —  be  —  c  2,  and  con- 
fequently  Negative.  Or,  if  you  fuppofe  two  Roots  Pofitive  and  one 
Negative,  let  them  be  —  a,-h  b,  d~  c,  then  the  Coefficient  of  the 
third  Term  will  be  ftill  —  b2  —  bc  —  c  \  Therefore  when  the 
Roots  are  real,  the  Coefficient  of  the  third  Term  is  Negative  * 
and  if  the  Coefficient  of  the  third  Term  is  not  affected  with  a  ne¬ 
gative  Sign,  it  is  a  Proof  that  two  of  the  Roots  are  Impoffible. 

Prop.  III.]  In  any  Cubic  s. Equation ,  all  whofe  Roots  are  real ,  the 
Square  of  the  third  Term  ?nuft  be  greater  than  the  triple  Produtt  of 
the  fecond  and  fourth  Terms. 

Jn  the  fame  Cubic  Aquation,  whofe  Roots  are  a,  b,  c,  the  Square 


of  the  third  Term  is  ab~\~  a  c  d-  b  c,  the  Produdt  of  the  fecond 
and  fourth  Terms  is  a  2  be  ~T-  ab7'  c  -f-  ab  c  %  as  is  plain  from  the 
Infpedtion  of  the  Aquation  ;  and  it  is  obvious  that  a  2  b  c~\~a  b  2  c 
d~  a  bcz  is  the  Sum  of  the  Products  of  any  two  of  the  Terms  a  b> 
ac7  be \  and  therefore  by  Corol.  i.  Prop.  2.  the  Square  of  the  Sum 

- -  z 

of  thefe  Terms,  that  is,  ab  +  ac  ■+■ b  c  muft  be  greater  than  3  a  2 

- - - 2 

b  c  -h  sab*  c  *4-  3  a  cz  b.  So  that  ab -h  ac-t- b  c  xyz  muft  be 

greater  than  3  a2  bc  +  ^ab2c-h^aczbxy2  ;  that  is,  the  Square 
of  the  third  Term  muft  be  greater  than  the  triple  Product  of  the 
fecond  and  fourth  Terms. 


Coroll.  1.]  It  follows  from  the  Demonftration,  that  ab  -h-ac-hbc 


is  always  greater  than  gabcxa-i-b-i-c. 

Coroll.  2.]  If  the  Square  of  the  third  Term  is  found  to  be  lefs  than 
the  triple  Product  of  the  fecond  and  fourth  Terms,  then  the  Roots 
of  the  Aquation  cannot  be  all  real  Quantities  ;  and  this  concludes 
with  the  fecond  Part  of  Sir  Ifaac  Newtonb  Rule  for  finding  when 
the  Roots  of  a  Cubic  Equation  are  impoffi¬ 
ble  :  for  this  Cafe  gives  —  to  be  placed  j  j 

under  the  third  Term,  and  confequently  x  3  +'px7--\-qx+r  —  o 
two  Changes  of  the  Signs,  whatever  Sign  -f-  *  —  -f- 

is  placed  under  the  fecond  Term. 


Scholl] 


23 


Scholl)  After  the  fame  manner,  it  may  be  demo  nil  rated,  that 
in  a  Cubic  ^Equation,  whofe Roots  are  all  real,  if  the  fecond  Term  is 
wanting,  the  Cube  of  the  third  Part  of  the  third  Term  taken  pofi- 
tively,  is  always  greater  than  the  Square  of  half  the  laft  Term. 
Suppofe  that  the  Roots  of  the  ./Equation  are  -f-  0,  — b ,  — c,  or 
—  a, -b,  -f-  c ,  and  that  a  —  b  4-  c,  then  the  fecond  Term  in  the 
^Equation  will  be  wanting,  and  the  other  Terms  will  be  exprefied 
thus : 


y  3  -X-  —  b  2  ydhbcxb~\-e 

—  bey 

—  c  2  y 


The  Square  of  b  —  c  is  always  pofitive,  fince  b  and  c  are  real 
Quantities.  Suppofe  it,  ( viz.  b 2 —  +  f  2J  equal  to  Z),  then 

► — '  2 

b  2  4-  b  c  4-  c 2  —  D  4~  3  bc9  and  b  4-  c  ■=.  D  4-  4  b  c.  Therefore 

_  -  --.3 

b  2  ~T  b  c  4-  c  2  D3  4-  D2  b  c  4~  D  b  2  c  2  4*  b  3  c3  ,  and  b2  c  2 


27  27 


b  +  c  D  b2  c 2  D3  Dz  be 

x - = - - —  4-  b  3  c  3 .  Now  5tis  obvious  that  —  +  - - 


4 


4  27  3 

D  b  2  c2 

4-  D  b2  c2+  b  3  c  3  is  greater  than  - - 4-  b  3  c  3,  linee  D  is 

4 

pofitive,  and  b  c  alfo  pofitive,  b  and  c  being  Roots  having  the  fame 
Sign.  I  hereiore  the  Cube  of  4  of  the  third  Term  having  its  Sign 


changed 


(- 


bz  -f -bc~\-  cz 
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0. 


is  always  greater  than  the  Square  of 


half  the  laft  Tei 


(  b- f-/h 

rm  \~bzczx - /. 


In  the  Cubic  Equation 


x3  *4 -  <7  4-  r  =  0,  if  ?  be  pofitive,  or  if  it  be  negative  and 

q3 

-  be  lefs  than  \r2,  it  appears  that  two  Roots  of  the  ^Equa- 

2  7 

tion  muft  be  impofiible,  from  this  Corollary,  and  from  Cor .  3, 
Prop.  2.  taken  together. 

Prop.  IV.]  In  a  Biquadratic  ALquation ,  all  whofe  Roots  are  real 
Quantities ,  of  the  Square  of  (he  fecond  Term  is  always  greater  than 

the 
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tbs  Product  of  the  firfi  and  third  Terms  ;  and  \  of  the  Square  of  the 
fourth  Term  is  always  greater  than  the  Produtt  of  the  third  and  fifth 

xCYITlS . 

1.  Let  the  Equation  be  x  +  -qx*  —r  x-\~s=o-,  and 

fmce  the  Roots  are  fuppofed  to  be  all  real,  let  them  be  repreient- 
ed  by  a,  b,  c,  d,  then  p=a-hb~h  c-+  d,  and  q  =  ab  -+-  a  c  +  a  d 
-I-  b  c  -+-b  d-\-  c  d.  But  it  is  plain  from  Lemma  3,  that  3  a  2  -+- 
,  ji-p  is  greater  than  2  ab-sr2ac~\-2ad~\-2bc 

+  zb  d -+-  2  cd  ;  and  confequently  by  adding  6ab-h6ac~h 
,5  j  _j_  6  £  f  4-  6  b  d  6  c  d  fo  both,  we  (hall  find  that 

3  x'a-t-  b-b-  c  -hi'  muft  be  greater  than  8  a  b  A- 8  a  c -h-  8  a  d 
-h  8  b  c  +  8  b  d  +  8c  d  ■,  that  is,  3 2  greater  than  8  q  ;  and 

therefore  \  f1  x  6  greater  than  qx6. 

2.  Since  r  — a  b  c  4—  a  b  d  4~  a  c  d  ~'r  bed ,  and  s  zr  ab  c  d  ;  and 
fince  q  s  is  equal  to  az  b  z  c  d  "4~  az  cz  b  d  4-  az  d 2  be  b-c-  ad 
-f-  bz*dz  a  c  -+-  cz  dz  a  b,  which  are  the  Produdts  can  be  made  of 
any  two  of  the  Quantities  a  b  c,  abd,  a  c  d,  bed,  whofe  Sum  is  r 
multiplied  by  one  another ;  it  follows,  that  3  r  *  is  always  greater 
than  8  qs  :  So  that  •§  of  either  the  Square  of  the  fecond  Term, 
or  of  the  Square  of  the  fourth  Term,  muft  always  be  greater  than 
the  Product  of  the  Terms  adjacent  to  them. 

Coroll.']  Multiply  either  the  Square  of  the  fecond  Term,  or  the 
Square  of  the  fourth  Term  of  a  Biquadratic  ^Equation  by  |,  and  if 
the  Produdt  does  not  exceed  the  Produft  of  the  adjacent  Terms, 
fome  of  the  Roots  of  that  ./Equation  muft  be  impoffible. 

Prop.  V.]  In  an  A Equation  of  any  Dimenfion  exprejfed  by  m,  the  Co¬ 
efficients  of  the  fecond.,  third ,  loft ,  laft  but  one,  and  l aft  but  two  Terms, 
being  refpetlively  A,  B,  E,  D,  C,  if  the  Roots  of  the  u Equation  are 

all  real,  then  Jh all  m —  1  x  A  2  always  be  greater  than  2  m  B,  and 

f 

pi  — i  x  D  2  greater  than  2  m  C  E. 

1,  For  fuppofing  the  Roots  to  be  a ,  b,  c,  d,  e,  See.  then  by  Lem¬ 
ma  4,  fhall  m—  1  x  a  z  4-  m—  1  xb*+m  —  i  x  c  2  &c.  be  greater 
than  2  a  b  2  a  c -h  2  ad,  &c.  and  adding  2w-2x^-f 
h  ;.n  —  2  x  a  c  ~h  2  rn  —  2  x  ad.  See.  to  both,  the  Sum  m  —  1  x  a  2 

2  "m  '—f'z  x  ab~\~  m  —  1  x  £ 2  ~-f-  &c.  (z=  m  —  1  x  a-\-  b  c,  &e. 
muft  be  greater  than  2  m  a  b  -+■  2  m  a  c  ■+■  2-w  ad,  &c.  that  is, 

a  o 

1  x  Az  muft  be  greater  than  2  m  B. 

2.  In  general,  it  follows  from  this  Demonftration,  that  the  Square 

of  the  Sum  of  any  Quantities  whofe  Number  is  (m)  multiplied  by 
m _ x  muft  be  o-reater  than  the  Sum  of  all  the  Produces  can  be 

made 


impojjlble  Roots. 

made  by  multiplying  any  two  of  them,  multiplied  by  2  m.  But  it 
is  eafy  to  fee  from  the  Genefis  of  /Equations,  that  C  E  is  the  Sum 
of  the  Produ&s  can  be  made  by  multiplying  any  two  of  the  Terms 

whofe  Sum  is  D :  From  which  it  follows,  that  m  —  i  x  D 2  mud  be 
always  greater  than  2  m  C  E. 


SIR , 

IV.  I  now  fend  you  the  Continuation  of  my  Method  ofdemonftrat-TheCont,na:l~ 
ing  Sir  If aac  Newton’s  Rule ,  &c.  deduced  from  this  Principle,  that  other  Methods 
the  Squares  of  the  Differences  of  real  Quantities  muft  always  be  Gn  the  fame 
pofitive;  and  with  it  a  fhort  Account  of  two  other  Methods  on  the  Subjeft,  and 
fame  Subject  :  I  have  added  fome  Obfervations  on  /Equations,  n.ew  ob<erva' 
which  I  take  to  be  new,  and,  perhaps,  will  be  more  acceptable  ^ 

than  what  relates  to  the  imaginary  Roots  themfelves.  ^he  fame’f  fa 

Befides  Sir  Ifaac  Newton’s  Rule ,  there  arifes  from  the  following  408.  p.  59- 
general  Propofitions,  a  great  Variety  of  new  Rules,  different  from 
his,  and  from  any  other  hitherto  publifhed,  for  dilcovering  when 
an  /Equation  has  imaginary  Roots.  I  fhall  particularly  explain  one 
that  is  more  ufeful  for  that  Purpofe,  than  any  that  has  been  hi¬ 
therto  publifhed. 

Suppofe  there  is  an  /Equation  of  (n)  Ditnenfions  of  this  Form, 

x n  —  Ax”"-1  -F  B  x  2  —  C  x  w  — 3  -f-  D  x  +  —  E  xn~~ 5  -+• 

F  6  —  Gx”~~7  -T-  H  x  n~  8  —  I  x  n~ 9  -F*  K  xft~^  1 0  Sec.  =  o. 

And  that  the  Roots  of  this  Equation  are,  a ,  b ,  c,  J,  e,f  g,  L\ 
i ,  k,  /,  See.  then  fhall  A  —  a-\-b-\-c~\~d-\-e-hf  See.  and  there¬ 
fore  I  call  a ,  by  Cy  d,  *,/,  See.  Parts  or  Perms  of  the  Coefficient  A. 

For  the  fame  Reafon  I  call  a  b,  a  c,  ad,  a  e,  be ,  b dy  c  d}  Parts  or 
Terms  of  the  Coefficient  B  *,  a  b  r,  a  b  d,  a  be,  a  c  d,  b  c  dy  Sec.  Parts 
or  Terms  of  C  *,  abed ,  a  b  c  e,  abef  Parts  or  Terms  of  the  Co¬ 
efficient  D,  and  fo  on.  By  the  Dimenfions  of  any  Coefficient,  I 
mean  the  Number  of  Roots  or  Fadtors  that  are  multiplied  into 
each  other  in  its  Parts,  which  is  always  equal  to  the  Number  of 
Terms  in  the  /Equation  that  precede  that  Coefficient.  Thus  A  is  a 
Coefficient  of  one  Dimenfion,  B  of  two,  C  of  three,  and  fo  of  the 
reft.  I  call  a  Part  or  Term  of  a  Coefficient  C  fimilar  to  a  Part 
or  Term  of  any  Coefficient  G,  when  the  Part  of  G  involves  all  the 
Factors  of  the  Part  of  C:  Thus  ab  c,  abedefg  are  fimilar  Parts 
of  CandG;  after  the  fame  Manner  ab  c  d,  ab  c  d  ef  are  fimilar  Parts 
of  D  and  F,  the  Part  of  F  involving  all  the  Fadtors  of  the  Part 
of  D.  Thofe  I  call  diffmilar  Parts  that  involve  no  common  Root 
or  Fadtor :  Thus  a  be,  and  defgh  are  diffimilar  Parts  of  the  Co¬ 
efficients  C  and  F.  The  Sum  of  all  the  Produdts  that  can  be  made 
by  multiplying  the  Parts  of  any  Coefficient  C  by  all  the  fimilar  Parts 
of  G,  I  exprefs  by  C  G'  placing  a  fmall  Line  over  each  Coeffi- 
Vol.  VI.  E  cient; 
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cient :  After  the  fame  manner  D'  F'  expreffes  the  Sum  of  all  the 
Products  that  can  be  made  by  multiplying  the  firoilar  Parts  of  D 
and  F  by  each  other  ;  and  C'  x  C'  expreffes  the  Sum  of  the  Squares 
of  the  Parts  of  the  Coefficient  C,  but  C'  x  C/  expreffes  the  Sum  of 
the  Products  that  can  be  made  by  multiplying  any  two  Parts  of 
C  by  one  another.  Thefe  Expreffions  being  underftood,  and  the 
five  Propofitions  in  Phil.  T ran/.  N°  394,  being  premifed,  next  fol- 
lows 

Prop.  VI. ]  If  the  Difference  of  the  Dimenfions  of  any  two  Coef¬ 
ficients  C  and  G  he  called  (m)  then  Jhall  the  Product  of  thefe  Coef¬ 
ficients  multiplied  by  one  another  be  equal  to  C'  G'  +  m  +2  xB'  H' 

w  -f-  3  m  *+■  4  m  -4-  4  ?n  §  m  +  6 

H - x - -AT  + - x - - x - - 

1  2  123 

x  I  x  K. 

Where  B  and  H  are  the  Coefficients  adjacent  to  the  Coefficients 
C  and  G,  A  and  I  the  Coefficients  adjacent  to  B  and  H,  I  and  K 
the  Coefficients  adjacent  to  B  and  H. 

It  is  known  that  C  z=z  ab  c  ~r-  a  b  d~h  a  b  e  -f*  ab f  4-  ab  g,  &c. 
and  G  z=ab  c  d  efg-h  a  b  c  d  ef  h  4“  a  b  c  d  e  fi  -f-  b  c  defgh ,  &c. 
and  it  is  manifeft, 

1.  That  in  the  Product  CG  each  Term  of  C  G'  will  arife  once 
as  a  z  b  2  c*  defg.  But 

2.  Any  Term  of  B'  H'  as  a2  b  2  c  defg  h  may  be  the  Product 
of  a  b  c,  and  ab  d  ef  gh,  or  of  ab  d  and  ab  c  ef  g  /a,  or  of  ab  e  and 
ab  c  dfg  h ,  or  of  a  bf  and  a  be  de gh,  or  of  a  b  g  and  ab  c  def  by 
or  laftly  of  a  b  h  and  a  b  c  d  ef  g  \  fo  that  it  may  be  the  Produd 
of  any  Term  of  C  that  involves  with  a  b  one  of  the  Roots,  c,  dy  e9 
fgyhy  multiplied  by  that  Term  of  G,  which  involves  ab  and  the 
other  five  *,  that  is,  it  may  arife  in  the  Produdt  C  G  as  often  as 
there  are  Roots  in  a  2  b2  c  defg  h  befides  a  and  b ,  or  in  general, 
as  often  as  there  are  Units  in  the  Difference  of  the  Dimenfions  of 
B  and  H,  that  is,  ?n~h  2  times ;  becaufe  m  expreffes  the  Difference 
of  the  Dimenfions  of  C  and  G,  and  confequently  in  expreffing  the 
Value  of  C  G  the  Coefficient  of  the  fecond  Term  B'  H'  muff  be 
mm T"  2. 

3.  Any  Term  of  A  I,  as  a2  be  defgh  i,  may  be  the  Produdl 
of  any  Part  of  C  that  involves  the  Root  a  with  any  two  of  the  reft 
b ,  c,  dy  e>  /,  g,  hy  i  fthe  Number  of  which  is  the  Difference  of  the 
Dimenfions  of  A  and  I,  which  is  in  general  equal  to  m  4-  4)  multi¬ 
plied  by  the  Part  of  G  that  involves  a  and  the  other  fix  and  there¬ 
fore  a  a  bedefghi  or  any  other  Term  of  A'  I'  muff  arife  as  often 
as  different  Products  of  two  Quantities  can  be  taken  from  Quan- 

_ _  m~h  4 — 1 

tities  whofe  Number  is  m  T- 4,  that  is  rn  4-  4  x  — - times, 

or 


2 


hnpojfible  Roots, 

9n^r  3  tn  Hr  4 

or - x  - times ;  and  confequently  in  expreffing  the 

1  2 

Value  of  C  G  the  Coefficient  of  the  third  Term  A' I’  muft  be 

m  +  3  m  -4-  4 

- —  x - • 

i  3 

4.  Any  Term  of  1  x  K,  as  a  b  c  d  e  f  g  h  i  k,  may  be  the  Product 
of  any  Part  of  C  that  involves  three  of  its  Fadtors,  and  of  the  Part 
of  G  that  involves  the  reft,  and  therefore  may  a  rife  in  the  Produdt 
CG  as  often  as  different  Produdts  of  three  Quantities  can  be  taken 

___________  in  "4~  5 

out  of  Quantities  whofe  Number  is  ?n  +  6,  that  is,  w  +  6x - - 

2 

in  +  4 

x - times,  and  therefore  the  Coefficient  of  the  fourth  Term  in 

3 

m  4  m  ~f“  5  m  ■+■  6 

the  Value  of  C  G  muft  be  - —  x - x - . 

123 

In  general,  in  expreffing  the  Value  of  the  Product  of  any  two 
Coefficients  C  and  G,  if  sc  exprefs  the  Order  of  any  Term  of  this 
Value  as  A'  I',  that  is,  the  Number  of  Terms  that  precede  it,  the 

2  #-f-  in  2#-f -m — 1  2x+m — 2 

Coefficient  of  that  Term  muft  be - - —  x - —  x - - - 

1  2  3 

&c.  taking  as  many  Fa&ors  as  there  are  Units  in  x. 

Corolk  1.]  If  it  is  required  to  find  by  this  Propofition  the  Square 
of  any  Coefficient  E,  then  fuppofe  m  =  o,  the  Difference  of  the  Di~ 
menfions  of  the  Coefficients  in  this  Cafe  vanifhing,  and  we  fhall 

4  5  6 

have  E 2  =  E'  x  E'  +  2  D'  F'  4-  3  x  —  xC  G'+  4  x  —  x  —  x 

2  2  3 

B'H'&c.  =E'xE'+2D'F,+  6CG,+  2oB'H'+7o  AT-f- 
25  2  K.  Therefore  if  E' x  Ey  exprefs  the  Sum  of  the  Products  of 
any  two  Parts  of  E  multiplied  by  each  other,  we  fhall  have  E  2 
=  E'  x  E'+2E'x  E/?  and  therefore  E'  x  E,  =  D'  F'  -4-  3  C'  G'-fi- 
10  B'H'-4-3  5  A'  r+  i  26  K. 

Coroll.  2.]  It  follows  from  this  Propofition  that 
E2  =E'xE  +  2  DF'H-  6  C G'4-  20 B'H'-f-  70  A' I'  +  252 K. 
DF=  -  -  -  -  -  D'F'ff  4CG'+  15  B'H'-f- 56AT  +  210K 

E  2  CG 
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CG=  -  - . C'G'-f-  6  B'  H'-H  28  A' I'-f-*  1 20 K 


BH= . B'H'-f-  8AT+  45K; 

AI  — . .  AT+  10  K 

K  =-  - - * . . . . . K. 


Coroll.  3.]  It  eafily  appears  by  comparing  the  Theorems  given 
in  the  laft  Corollary,  that 

ET'=-  E2- —  2DF  +  2CG  —  2BH+  2AI  —  2  K 
D'  F'  =  -  -  -  -  -  DF  — 4CG+9BH  —  16AI  +  25K 

C'  G'  — - -  -  -  -  -  -C G  —  6BH+20  AI  —  50 K 

B*  H'  = . . . BH—  8AI  +  35K 

A'  I'  =  -  -  -  - . - . A  I  —  10  K. 

n  —  1  n  —  2 

Prop.  VII.]  Let  /  =  n  x - x - &c.  taking  as  man y  Fac - 

2  3 

>  l  —  1 

tors  as  the  Coefficient  E  has  Bimenfions ,  and - xE2  Jhall  always 

2  l 

exceed  DF  —  CG+BH  —  A  I  +  K  when  the  Roots  of  the  JE- 
quation  are  all  real  Quantities. 

For  it  is  manifeft  that  l  expre fifes  the  Number  of  Parts  or  Terms 
in  the  Coefficient  E,  and  it  is  plain  from  Proportion  V.  ( See  Phil . 

/ — 1 

Tranf.  N°  394.)  that  - x  E  2  mult  always  be  greater  than  the 

2  / 

Sum  of  the  Produ&s  that  can  be  made  by  multiplying  any  two  of 
the  Parts  of  E  by  each  other,  that  is,  than  E'  x  E,  ;  but  2  E'  x  E; 

—  E2  ■ —  E'E'  —  (by  the  firft  Theorem  in  the  laft  Corollary)  2  DF 

l  —  1 

—  2CG+2BH— •  2  AH-2K,  and  therefore  fince - xEJ 

/  —  I 

m uft  always  exceed  E’  En  it  follows  that - Ez  mull  always 

2 1 

be  greater  than  D  F  —  C  G  +  B  H  —  AI  +  K  when  the  Roots 
of  the  ^Equation  are  real  Quantities. 

Schol. ]  In  following  my  Method  this  was  the  firft  general  Pro¬ 
portion  prefented  it  felf.  For  having  firft  obferved  that  if  l  ex- 
prefies  the  Number  of  any  Quantities,  the  Square  of  their  Sum 

l  —  1 

multiplied  by  - -  mull  always  exceed  the  Sum  of  the  Products 

2/ 

made  by  multiplying  any  two  of  them  by  each  other }  and  that 

the 


the  Excefs  was  the  Sum  of  the  Squares  of  the  Differences  of  the 
Quantities  divided  by  2/.  it  was  eafy  to  fee  in  the  ^Equation  xr  — 
Ax"-'1  —  C*"—3  -P  Dx"—4  &c.  =  o,  fince  B  is 

the  Sum  of  the  Products  of  any  two  of  the  Parts  of  A,  that  if  l 

l —  i 

expreffes  the  Number  of  the  Root  of  the  ^Equation, — ~-x  A2 

muft  always  exceed  B  ;  and  this  is  one  Part  of  the  fifth  Propofition , 
In  the  next  Place,  I  compared  the  Sum  of  the  Produ&s  of  any  two 
Parts  of  B  with  AC,  and  found  that  it  was  not  equal  to  AC  but  to 
AC  —  D*,  from  which  I  inferred,  that  if  /  expreffes  the  Number  of 

l —  1 

the  Parts  of  B,  then - x  B  *  muft  always  exceed  AC-D;  and 

2 1 

thefe  eafily  fuggefted  this  general  Propofition. 

Prop.  VIII.]  Let  r  exprefs  the  Dimenfions  of  the  Coefficient  C,  and 
s  the  Difference  of  the  Dimenfions  of  the  Coefficients  C  and  G,  then  B 

and  H  being  Coefficients  adjacent  to  C  and  G,  n — r  —  5  xr  C'  G'  fhall 

always  be  greater  than  j  +  1  x  j  +  2  x  B'  If  when  the  Roots  of 
the  JEquation  are  all  real  Quantities  affefted  with  the  fame  Sign. 

For  taking  the  Differences  of  all  thofe  Parts  of  the  Coefficient  C 
that  are  fimilar  in  all  their  Fa&ors  but  one,  as  ab  c,  ab  h>  a  bi>  &c.  and 
multiplying  the  Square  ofeach  Difference  by  fuch  Parts  of  the  Coefficient 
D  (which  is  of  s  Dimenfions)  as  are  diffimilar  to  both  the  Parts  of 
C  in  that  Difference,  the  Sum  of  all  thofe  Squares  thus  multiplied, 
will  confift  of  Terms  of  C  G'  taken  pofitively,  and  of  Terms  of 
B' H'  taken  negatively.  By  multiplying  in  this  Manner 


ab  c  —  a  b  h\ 2  “P  a  b  c  — 

a  b  /|z  “P  abc  — 

-  abk [ 2  &c.  T- 

abc  —  achj 2  -P  abc — - 

a  c  i\*  "P  abc- 

-  a  c  k\z  Sec.  ~P 

ah  c  —  b  c  h\2  ~f ~  ab  c  —  b  c  e)2  *"P  a  b  c  —  b  ck j 2  Sec.  by 

de  fg  the  Term  of  D,  that  is  diffimilar  to  all  thofe  Parts  of  C,  you 
will  find  that  az  bz  cz  d  efg  will  arife  in  the  Sum  of  the  Products 

r  x  n  —  r  —  s  times:  For  thofe  Products  may  be  alfo  expreffecl 

thus  d  efg  az  bz  x  c  —  ~hl~  -P  c  —  i\z  -P  c  —  k\z  See. 

+  d  ef  gaz  cz  x  b  —  h[z  -P~  b  —  i\z  ~P  b  —  k\2  Sec. 

-bdef  g  bz  czxa  —  h\z  ~P  a  —  it  2-p  a  —~k[z  &c.  where  the  Num¬ 
ber  of  the  Differences  c  —  h,  c  —  z,  c  —  £,  &c.  whofe  Squares  are 

multiplied 


3° 
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multiplied  by  d  efg  a2  b2  is  manifeftly  equal  to  the  Number  of  the 
Roots  of  the  /Equation  that  do  not  enter  a2b2c2  defg  or  abcdefgr 
that  is,  to  the  Excefs  of  the  Number  of  the  Roots  of  the  ./Equal 
tion  above  the  Dimenfions  of  ab  cd  efg,  a  Term  of  G,  that  is,  to 

n — r  —  S'  in  collecting  all  the  faid  Products,  n  —  r  -~~s  x 

a 2  bz  c*  defg  muft  arife  as  often  as  there  are  Units  in  r :  Becaufe 
the  TCrms  which  are  fubtra&ed  from  abc  may  differ  from  it  in 
the  Root  r,  as  abb,  a  hi,  a  bk,  Sec.  or  in  the  Root  b ,  as  acb , 

aci,  ac  k,  See.  or  in  the  Root  ^,as  beb,  be  i,  be  k\  that  \s~n _ r _ s 

x  a*  b2  c*  def  g  muft  arife  as  often  as  there  are  Dimenfions  in 
a  be,  a  Term  of  C,  or  as  often  in  general  as  there  are  Units  in  r, 
which  expreffes  the  Dimenfions  of  C:  Therefore  the  Term  a2b2  c  * 

■ defg  will  arife  in  the  Sum  of  the  abovementioned  Products 

rxn  —  r  —  s  times. 

• 

,  The  negative  Part  muft  confift  of  the  Terms  of  B' H'  doubled; 
each  of  which,  as  2  a2  b  2  c d  ef  g  may  arife  as  often  as  there  can 
be  Differences  c  —  d,  e—e,  c—f  e  —  g,  d—e,  &c.  affumed  a- 
mongft  the  Terms  c ,  d,  e ,  /,  g  whofe  Number  is  =1  to  s  2  that  is, 

— _  5~f~  1 

s-h  2  x -  times ;  and  therefore  az  b2  cd  efg  or  any  other  Part 

2 

of  B'  H'  muft  arife  in  the  negative  Part  s  ■+■  1  x  j  + 2  times  ; 
and  fince  the  whole  Aggregate  muft  be  pofitive  it  follows 

n  —  r  —  j  x  r  C  G'  muft  always  exceed  7-FT  x  s  -+-2  xB'  H'. 

Coroll.  1]  Suppofe  we  are  to  compare  E'E' the  Sum  of  the  Squares 
of  the  Parts  of  E  with  D'  F'  the  Sum  of  the  Products  of  the  fimi- 

]ar  Parts  of  D  and  F  in  this  Cafe  s  vanifhes,  and  therefore  n _ r 

xrE'E'  muft  exceed  2  D' F'.  Let n  —  r  xr=zm,  and  confequently 

*  ■"  -*mm  mmmmmmmam*  - 

n — r —  i  x  r —  1  — n -f-  1  •,  n  — r —  2  x  r — iz=.m — 2  «-+•  4; 

n — r  —  3  x  r — 3  =  m —  3  n-h  9;  n  —  r  —  4  xr — 4  ~  m—^  n-\-i  6 . 

_ „  _ _ 

Since  it  is  plain  that  n  —  r  —  q  xr  —  q-=.n  —  rxr  —  qn-\-  qz9 
Then  by  this  Propofition,  fuppofing 

m  x  E'  E' —  2  D'  F'  =  a 
m  —  »  +  i  xD'F'  —  1 2  C'  G'  =  bf 
m  — 2«  +  4x  C G'  —  30  B'H' =:  c 
7 n  —  3  n  -f-  9  xB'  H' —  56  A'  I'  =  d* 
m — 4 «+  i6x  A'  I' —  90  K'  =  e 


The 


The  Quantities  a\  b\  c\  d',  e,  muft  be  always  pofitive  when  the 
Roots  of  the  ^Equation  are  real  Quantities  affeded  with  the  fame 
Sign.  The  Coefficients  prefixed  to  the  negative  Parts  are  the 
Numbers  2,  12,  30,  56,9 o,  whofe  Differences  equally  increafe  by 
the  fame  Number  8. 

•  ,  r  . 

*  ,  j  ^  ^  ,2»  /-«.  *  .  x  j  *  ’  ,  i  '  i 

CVa//.  2]  Suppofmg  as  before,  that  n  —  rxr=z?n-,  and  alfo  that 
m  x  tn  —  n  -f-  1  =  ?ri ;  m  xm  —  2^  +  4-  ni  •,  x?n  —  3  «  9 

=  m"  &c.  it  may  be  demonftrated  after  the  manner  of  this  Pro- 
pofition,  that  if 

m  E'E/ —  2  D'F'  —  a!  r 

m  E'E'— 2x12  C  G'  =  a 

h*  •  •  hi#  \  <  \  s  -  ■  -  -  '  \  r*  *t  j  ?  .t  ^  '  ”■  *  v  m  •  < 

^"E'E'  —  2  x  12  x3oB'H'  =  tf'" 
w'"£'E' —  2  x  12  x  30  x  56  AT=  d"’ &c. 


Then  fiiall  ff,  ff",  &c.  be  always  pofitive  when  the  Roots 
are  real  Quantities,  whether  they  be  affeded  with  the  fame,  or 
with  different  Signs.  The  negative  Coefficients  arife  by  multiply¬ 
ing  thofe  in  the  preceding  Corollary,  2,  12,  30,  56,  90,  by  one 
another. 

Prop.  IX.]  Let  a\  b1,  r,  df ,  e ,  and  ?n  exprefs  the  fame  Quantities 
as  in  the  Corollaries  of  the  laft  Propofition ,  m  E2 

m  -f- n  +  1  x  D  F  ==  a  ■+■  b’  -f-  2  c*  ~fr  5  fl  -E  14  f , 

For  by  Cor.  ii.  Prop.  vi. 

E 2  =  E'  E'  -f-  2  D'  F'  -+-  6  C'  G'-f-  20  B'  H'  -f-  70  A'  I'  -f-  252  K, 


» 


fl  CO* 


and  by  the  fame 

D  F=  -  -  -  -  D'F-E4CG'-f-l5B'H'-h56A'r-E2ioK5 

_  .  *  ^  ^  J  ~  it  ^  - 


therefore  «E'-w+s+j  xDF  =  i»E'  E'+m-s-i'xD'  F’ 


—  2  » —  2X2C'G'-f-OT —  3« —  3  x  5  B'H'-t-?»— 4« — ~x 


14  A  I  m  ■ 5  n  —  5  x  4  2  K  =  (by  fubftituting  fucceffively  for 


m  E'  E',  m  —  fi -h  i  x  D’  F',  m  —  2  n  H-  4  x  C'  G',  3  „  , ,  x 

- - - - -  °  y  •- 


B'  H',  w  —  4  »  H-  1 6  x  A'  I'  their  Values  deduced  from  the  fir  ft 
Corollary  of  the  laft  Propofition)  =  d -¥■  b‘ 2  c’  -F-  5/  -f-I4  / 
where  the  Coefficients  prefixed  to  d,  b\  c’,  d,  e\  are  the  Differences  of 
the  Coefficients  of  E'E',  D'F',  C'G',  B'H',  A'  I';  and  K  in  the 
\  alues  of  E  *  and  D  F  taken  from  Cor.  ii.  Prop.  VI.  being  1  —  o 
F  *»  ® — 4j  20 — 15,  70  —  56  and  252  —  210. 


Coroll. Since  m=zn — rxr  therefore m-hn  +  i  =  a r_p_  j  X?--H  1 


and  confequcntly 


/z  — r 


7*  — |— 


■? — f- 


xE2  muft  always  be  greater 


\ 


than 


32 


Of  Equations  with 


than  DF  the  Product  of  the  Coefficients  adjacent  to  E  ;  and  hence 
the  FradHons  are  deduced,  that  in  Sir  Ifaac  Newton's  Rule  are  placed 
over  the  Terms  of  the  ^Equation,  which  multiplied  by  the  Square 
i of  the  Terms  under  them,  mult  always  exceed  the  Products  of  the 
adjacent  Terms  of  the  ^Equation,  when  the  Roots  are  real  Quan¬ 
tities  :  For  it  is  manifeft  that  the  Fraction  to  be'  placed  over  the 

-  •  ■  !  «  .  •;  •  "  ‘  '  f  r  ah’tfcj  ) 

n  —  r 

Term  E  x  n—r  according  to  that  Rule  is  the  Quotient  of - - 

r  4-  i 


n  —  r-h  i 

divided  by  - — 


Prop.  io.  'The  fame  Expreffions  being  allowed  as  in  the  preceding 
Proportions ,  it  will  be  found  in  the  fame  manner  that  as 


m  E2 — n ~f~  i  x D  F  —  d~h E~fr~ 2  c'~\~ 5  J'~f-  1 4/,  fo 


m — n~h  i  x  DF  — m -f~2;z-f- 4  xC G  =2  -  -iH-3  c'-hyd'-h 2 8  e 
m — 2  «-f-4  x  CG — m-hjn~h-g  xBH=  -  -  -  -  c'-h  5^+20  e 
m — 3«-f“9"x  B  H — w+4«H-i6x  A  I  =  —  -  --  --  7  e 


m — \n-\- 1 6x  A I  — 25X  K  -  --  --  --  --  --  -  e. 

Thefe  Theorems  are  eafily  deduced  from  the  Theorems  given 
in  the  fecond  Coroll.  Prop.  VI.  and  the  firft  Coroll.  Prop.  VIII  ;  and 
the  Coefficients  prefixed  to  a\  b\  c\  e\  are  the  Differences^  of 
the  Coefficients  of  the  correfponding  Terms  in  the  Values  of  E  % 
D  F,  C  G,  B  H,  A I  and  K  in  Cor.  2.  Prop.  VI. 

Corel.]  Hence  the  Produces  of  any  two  Coefficients,"  as  DF  and 
A I  may  be  compared  together  when  the  Sum  of  the  Dimenfions 
of  D  and  F  is  equal  to  the  Sum  of  the  Dimenfions  of  A  and  I.  Let 
the  Dimenfions  of  A  and  F  be  equal  to  s  and  m  refpedtively,  and 


let  p 


n — s  n — s —  1  n 
: - x - x- 


- &c.  taking  as  many  Fadlors  as 

*  +  3 


*4*1  J+2 

there  are  Units  in  the  Difference  of  the  Dimenfions  of  D  and  A. 


n  —  m  n  —  tn — 1  n — m — 2 

]jet  q  -=. _ X' - x  — - &c.  taking  as  many  Fa&ors 

m  +  1  m  - h  2  m  ■+■  3 

q 

as  you  took  in  the  Value  of  p.  Then  fhall  —  x  D  F  always  exceed 

t  ■ 

A I  when  the  Roots  of  the  ^Equation  are  real  Quantities  affeded 

with  the  fame  Sign  ;  and  this  Rule  obtains,  though  the  Roots  are 

affected 


impojfible  Roots . 

affe&ed  with  different  Signs  when  the  Coefficients  D  and  F  are 

equal. 

Prop.  XI.]  The  fame  Things  being  fuppofed  as  in  the  preceding 
Proportions, 

1.  772E2  —  m~\r  i  x  2  D  F  ~hm  4-  4  x  2  C  G  —  w  +  9  x  /  , 

2BH  +  7«4*  16x2  AI  —  ra  +  25  x  2  K - j 

2.  7/2 — 7*  4—  1  x  D  F  — m — n  4-  4  x  4 CG  4-  m — /2  4-  9  x 

#  _ _ _ 

9  B  FI — m — n  4-  i6x  1 6  A 1 4-  772  — 72  4-  2  5  x  2  5  K 


3 .  m —  2n  4-4  x  CG — m  —  2 //-i-9  x  6BFI  4-;/z —  2  «4- 1 6  x  ( 


20 


A  1 4-  772  —  27*4-25  x  50  K 


4 .7# — 3  /*4-9  xBH — 7/* — 37*4-16x8  AI-J-/72 — 377+25X35Kzzif. 
-  -  -  -  m  —  4  7*4-i6xAI  —  77;  —  4/24-  25  x  10  K  ~e. 


Thefe  Theorems  follow  eafily  from  the  third  Coroll.  Prop.  VI* 
The  firft  eafily  appears  thus,;?'—  m  E'E' — 2D'  F'—  (by  that  Corollary) 

m  E  2  —  2  m  D  F  4-  2  m C  G  —  2  m B  FI  4-  2  m  A  I  —  2  ?n  K. 

—  2DF4-8CG  —  18  B  H  4-  32  A  I  —  50  K. 

—  tt;  E  2  —  7/z  4-  i  x  2  D  F  4-  m  4-  4x2  C  G  —  7/2  4-  9  x  2  B  FI 


4-  m  4-16x2  AI  —  m  4-  25  x  2K.  The  other  Theorems  are 
deduced  from  the  fame  Corollary  compared  with  Coroll.  1.  Prop. 

vm. 

Prop.  XII.]  The  fame  Things  being  fuppofed  as  in  the  fecond  Co¬ 
rollary  of  Prop.  VIII. 


1. 


772  E  2  -  772  4-  1  X2  DF4-  772  4-  4  X  2  CG 

2BH  +  772  4~  16x2  AI  —  m  4-  2  5  x  2  K 


- 772- 4- 


m'  E  2  —  2  in  D  F  4-  m  —  12  x  2  C  G  —  7/2' 


2  B  FI  4~  in  —  240  x  2  A  I  —  in  —  600  x  2  K 


rr 

a  . 


3.  772  E  2  -  2  772 "  D  F  4-  2  m  C  G  —  m'  4-  360  X 

2  B  FI  4- 7/z"4-  360  x  8  x  2  A  1  —  in"~\~  3 60  x  35  x  2  K 

4.  m  'r  x  E2  —  2  DF  4-  2  C  G  —  2  B  FI  4-7/2"' —  750  x  2S  x 


A  I  —  7/*'"' 
ISc. 

You  VI. 


7200  x  28  x  2  K 


>ni 

a  . 


*  rS 


O  J 


F 


Thefe 
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Of  /Equations  with 

Thefe  theorems  follow  from  the  third  Cor olL  Prop.  VI.  compared 
with  the  fecond  Coroll.  Prop.  VUI.  The  firft  is  the  fame  with  the  firft 
of  the  laft  Propofition.  The  fecond  is  demonftrated  by  fubftitutin^ 
in  in  E'E' — 24  C'  G'  =  the  Values  of  E'  E'  and  C'  G'  given 
in  the  3d  Cor.  of  the  6th  Prop.  The  third  is  found  by  fubftituting 
in  m"  E'  E'  —  270  B'  H'  =  a'"  the  Values  of  E'  E'  and  B'  H';  and 
by  a  like  Subftitution  thefe  Theorems  may  be  continued. 

A  general  Corollary.']  From  thefe  Propofitions  a  great  Variety 
of  Rules  may  be  deduced  for  difcovering  when  an  /Equation  has 
imaginary  Roots.  The  Foundation  of  Sir  Ifaac  Newton's  Rule  is 
demonftrated  in  the  ninth  Propofition,  and  its  Corollary.  The  7th 

/  —  1 

Propofition  fhews  that  if - x  E  a  does  not  exceed  D  F  — C  G 

2/ 

B  H  —  A  1  -f-  K,  fome  of  the  Roots  of  the  /Equation  mud  be  ima¬ 
ginary  j  and  fometimes  this  Rule  will  difcover  impofilble  Roots  in 
an  /Equation,  that  do  not  appear  by  Sir  Ifaac  Newton's  Rule.  Thefe 
are  the  only  two  Rules  that  have  been  hitherto  publifhed.  But  the 
Rules  that  arife  from  the  Theorems  in  the  nth  and  12th  Propo¬ 
fitions,  are  preferable  to  both  j  becaufe  any  imaginary  Roots  that 
can  be  difeovered  by  the  7th  or  9th  always  appear  from  the  nth 
and  1 2th  Propofitions  and  impoffible  Roots  will  often  be  difeo¬ 
vered  by  the  nth  and  12th  Propofitions  in  an /Equation,  that  do 
not  appear  in  that  /Equation  when  examined  by  the  7th  and  9th 
Propofitions.  The  Advantage  which  the  Rules  deduced  from  the 
nth  Propofition ,  have  above  thofe  deduced  from  the  preceding 
Propofitions,  will  be  manifeft  by  confidering  that  in  the  nthPro^ 
pofition  we  have  the  Values  of  the  Quantities  a',  V,  c',  d!,e,  fepa- 
rately  ;  whereas  in  the  preceding  Propofitions,  we  have  only  the 
Values  of  certain  Aggregates  of  thefe  Quantities  joined  with  the  fame 
Signs.  Now  it  is  obvious  that  if  thefe  Quantities  be  feparately 
found  pofitive,  any  fuch  Aggregates  of  them  mult  be  pofitive  ;  but 
thefe  Aggregates  may  be  pofitive,  and  yet  fome  of  the  Quantities 
a*,  V,  c',  dr,  e ,  themfelves  may  be  found  negative :  From  which  it 
follows,  that  if  the  Roots  of  the  /Equation  are  all  affedted  with  the 
fame  Sign,  and  no  impoffible  Roots  appear  by  Prop,  nth,  none 
will  appear  by  the  preceding  Propofitions  •,  but  that  fome  imagina¬ 
ry  Roots  may  be  difeovered  by  Propofition  nth,  when  none  ap¬ 
pear  in  the  /Equation  examined  by  the  Propofitions  that  precede 
the  nth.  If  fome  of  the  Roots  of  the  /Equation  are  pofitive,  and 
fome  negative  (which  always  eafily  appears  by  confidering  the  SNns 
of  the  Terms  of  the  /Equation)  then  the  12th  Propofition  will&be 
in  many  Cafes  more  apt  to  difcover  imaginary  Roots  in  an  /E- 
quation  than  thofe  that  precede  it. 

The  Rule  that  flows  from  the  firft  Theorem  of  the  nxh  Prop. 
obtains  when  the  Roots  of  the  /Equation  are  affedted  with  different 

Signs 
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inipojftble  Roots. 

Signs,  as  well  as  when  they  all  have  the  fame  Sign,  and  it  is  this ; 
Multiply  the  Number  of  the  Terms  in  an  ^Equation  that  precedes 
any  Term,  as  E  x  n*~r  by  the  Number  of  Terms  that  follow  it  in  the 
fame  ^Equation,  and  call  the  Product  in.  Suppofe  that  4-  D  —  C, 
4- B,  — A,  4- 1  are  the  Coefficients  preceding  the  Term  E  x  2— g 
and  that  4- F,  — G,  4-  H,  — I,  4-K  are  the  Coefficients  that 

1  _ 

follow  it  ;  then  if  —  m  E  2  does  not  exceed  m  4-  1  xDF-  m  -^4 

2 

xCG+w  +  9  x  B  H  —  mHr  16  x  A  I  4-  m~h  25  x  K,the  ^Equa¬ 
tion  mufl  have  fome  imaginary  Roots ;  where  the  Coefficients  m  -h  1, 
m-h  4,  w  +  9,& c.  are  found  by  adding  to  m  the  Squares  of  the 
Numbers  1,  2,  3,  4,  &c.  which  fhew  the  Diftances  of  the  Coeffi¬ 
cients  to  which  they  are  prefix’d,  from  the  Coefficient  E.  The  fecond 

1 

Theorem  of  the  12th  Propofition  ffiews,  that  if  —  m'E*  does  not 

2 

exceed  w'DF  —  m  —  1 2  x  C  G  4-  m — 72  x  B  FI  —  m'  — 240  x  AI 

4 -m — 600  x  K,  the  ^Equation  mufl  have  fome  Roots  imaginary. 

For  an  Example,  If  the  four  Roots  of  the  Biquadratick^/Equa- 
tion  x4  —  A  x  34-B^2  —  C  x  4-  D  ~  o  are  real  Quantities,  it 
will  follow  equally  from  the  5th,  7th,  9th,  and  1  ith  Proportions, 

3  3 

that  —  A  2  mufl  be  greater  than  B,  and  that  —  C  2  mufl  exceed 
8  8 

5 

B  D.  The  7th  further  ffiews  that  —  B  2  mufl  exceed  A  C  — -  D 

12 

4 

the  9th  demonftrates  that  —  B  2  mufl  exceed  AC;  but  our  Rule 

9 

deduced  from  Prop.  XI.  ffiews  that  2  B  2  mufl  exceed  5  A  C _ 8  D 

1  * 

the  Excefs  being  a ,  and  the  Rule  deduced  from  the  fecond 

2 

Theorem  of  the  12  th  Propofition  fliews  that  B  2  mufl;  always  ex¬ 
ceed  2AC+4D,  the  Excefs  being  —  a".  It  appears  from  feve- 

Ar 

ral  preceding  Proportions,  that  if  the  Roots  of  the  ^Equation  have 
ai.  the  fame  Sign,  then  A  C  mufl:  exceed  16  D  :  Let  the  Excedes' 

F  2  5  B  * 


36 


Of  /Equations  with 

5  B  2  — 12  A  C  +  i2  D~j),  4  B  2  —  9  AC  =  ^,  A  C  — i6D=/* 

2 

and  it  is  plain  that  a  (  —  4  B  2  —  10A  C  ~h  16  D)  —  s  =  — 

_  2  _ _  5. 

x  2  p  —  5  j  and  that  *1"  =  q  +  j  =  —  x  2  p  +  4  .n  Let  us  fup- 

pofe,  .5. 

1.  That  j  is  pofitive,  then  it  is  manifeft  that  if  either  p  or  jbe 
negative,  a  muft  alfo  be  found  negative,  and  confequently  that  when 
the  7th  or  9th  Propofitions  fliew  any  Roots  to  be  imaginary,  the 
nth  Propofition  muft  difcover  them  at  the  fame  time.  But  as  a* 

2  _ 

( =  ^  —  j  —  —  x  2  p  —  s)  may  be  found  negative  when  p  and  q  are 
5 

both  pofitive,  it  follows  that  the  Rule  we  have  deduced  from  the 
nth  Propofition  may  difcover  imaginary  Roots  in  an  /Equation, 
that  do  not  appear  by  the  preceding  Propofitions  :  Thus  if  you 
examine  the  /Equation  x  4  —  6  x  3  +•  10  x  2  —  7  x  +  1  by  Sir 
lfaac  Newton's  Rule,  or  by  our  7th  Propofition ,  no  imaginary  Roots 


1 

appear  in  it  from  either.  But  fince  2  B  2  —  5  A  C  +  8  D  (=  —  a) 

2 

—  200  —  210  +  8  =  —  2  is  in  this  /Equation  negative,  it  is  mani¬ 
feft  that  two  Roots  of  the  /Equation  muft  be  imaginary.  Let  us 
fuppofe, 

2.  That  s  is  negative,  and  that  from  the  Signs  of  the  Terms  of 
the  /Equation,  it  appears  that  fome  Roots  are  pofitive  and  fome  ne¬ 
gative  j  then  in  order  to  fee  if  the  /Equation  has  any  imaginary 
Roots,  the  moft  ufeful  Rule  is  that  we  deduced  from  the  fecond 
Theorem  of  Prop .  12th.  viz.  that  if  B  2  does  not  exceed  2  AC  + 
4  D  fome  of  the  Roots  of  the  /Equation  muft  be  imaginary :  For 

1  1  _ 

the  Excefs  of  B  2  above  2  A  C  +  4  D  being  —  a1 '  =  —  x  q  +  j 


4 


x  2  p  +  4  /,  and  s  being  negative,  it  is  manifeft,  that  if  q 


10 


1  1 

or  p  be  negative,  —  a"  muft  be  negative  ;  and  that  —  a "  may  be 


4  A 

negative  when  q  and  p  are  both  pofitive  ;  that  is.  This  Rule  muft 
always  difcover  fome  Roots  to  be  imaginary  when  the  7th  or  9th 
Prop,  difcover  any  impoftible  Roots  in  an /Equation  j  and  will  very 
often  difcover  fuch  Roots  in  an  /Equation  when  thefe  Propofitions 
difcover  none.  For  Example ,  If  you  examine  the  /Equation  x  4  + 
5  a1  3  +  6  x  *  — x  —  j2  =  o,  you  will  difcover  no  imaginary  Roots 

in 


impoffible  Root  i. 

in  it  by  the  7th  or  9th  Proportions  *,  and  though  A  C  — 16  D  (*o 
be  negative,  it  does  not  follow,  that  the  /Equation  has  any  lmpoffible 
Roots,  becaufe  it  appears  from  the  Signs  of  the  Terms,  that  the 
/Equation  has  Roots  affe&ed  with  different  Signs.  But  finceB*  — 
2  AC — 4D  (=.36+  10 — 48  ~ —  2)  is  negative,  it  appears 
from  our  Rule,  that  the  /Equation  muff  have  fome  imaginary  Roots. 

I  might  fhew  in  the  next  Place,  how  the  Rules  deduced  from 
the  nth  and  12th  Proportions  may  be  extended  lo  as  to  dilcover 
when  more  than  two  Roots  of  an  /Equation  are  imaginary,  and  in 
general  to  determine  the  Number  of  imaginary  Roots  in  any  /E- 
quation  *,  but  as  it  would  require  a  long  Dilcuffion,  and  fome  Lem- 
?nata  to  demonffrate  this  ftridtly,  I  fhall  only  obferve  that  the  nth 
and  1 2th  Propojhions  will  be  found  to  be  ftill  the  moft  ufeful  of  all 
thofe  we  have  given  for  that  Purpofe.  To  gi veone  Example  of  this  ; 
If  we  are  to  examine  the  /Equation  *  4  —  4  ax1  -f-  6  a  2  x  2  —  4  ab2 

*~f~  —  — 

x  *4“  b  4  ~  o  by  Sir  Ifaac  Newton’s  Rule,  it  is  found  to  have  four 

impoffible  Roots  when  a  is  greater  than  b  5  for  though  the  Square  of 

3 

the  fecond  Term  multiplied  by  —  be  equal  to  the  Produdt  of  the 

8 


firft  and  third  Terms,  yet  in  that  Cafe,  in  applying  Sir  Ifaac 
Newton’s  Rule,  the  Sign  —  ought  to  be  placed  under  the  fecond 
Term,  and  the  fame  is  to  be  laid  of  the  Square  of  the  fourth  Term. 
The  Rule  deduced  from  the  7th  Proportion  fhews  four  Roots 
imaginary,  when  a  is  greater  than  Z,  and  alfo  when  b  2  is  greater 
than  15  a  2  •,  but  a  Rule  founded  on  the  nth  Propofition,  fhews 
the  four  Roots  to  be  imaginary  always  when  a  exceeds  b ,  or  when 
b  1  exceeds  9  a  2  *,  from  which  the  Excellency  of  this  Rule  above 
thefe  two  is  manifeft.  I  have  faid  fo  much  of  Biquadratick  /Equa¬ 
tions,  that  I  muff  leave  it  to  thofe  that  are  willing  to  take  the 
Trouble,  to  make  like  Remarks  on  the  higher  Sorts  of  /Equa¬ 
tions. 

In  inveftigating  the  preceding  Propofitions,  when  I  found  my 
felf  obliged  to  go  through  fo  intricate  Calculations,  I  often  at¬ 
tempted  to  find  fome  more  eafy  Way  of  treating  this  Subject: 
The  following  was  of  confiderable  Ufe  to  me,  and  may  perhaps 
be  entertaining  to  you.  By  it,  I  inveftigate  fome  maxima  in  a  very 
eafy  Manner,  that  could  not  be  demonftrated  in  the  common  Way 
with  fo  little  Trouble. 

Lemma  V.]  Let  the  given  Line  A  B  be  divided  any  where  in 
P,  and  the  Redlangle  of  the  Parts  A  P  and  P  B 
will  be  a  maximum  when  thefe  Parts  are  equal.  A— — — - B 


This 


P 


2  8  Of  Equations  'with 

This  is  manifeft  from  the  Elements  of  Euclid. 

v  ^  j  J  ’  5  /•  *  j  ?X> 

YI.]  If  the  Line  AB  is  divided  into  any  Number  of  Parts 
AC,  CD,  D E,  E  B,  the  Product  of  all  thofe  Parts  multiplied  in. 
to  one  another  will  be  a  maximum  when  the  Parts  are  ecjual  a- 
moncrft  themfelves.  For  let  the  Point  D  be  where  you  will,  it  is 
manifeft  that  if  D  B  be  bifle&ed  in  E,  the  Product  A  C  x  C  D 

x  D  E  x  E  B  will  be  greater  than-  _ _ _ 

ACxCDxDjxcB,  becaufe  by  a  C  D  E  e  B 
the  laft  Lemma  DExEBis 

create r  than  x  e  B  \  and  for  the  fame  leafon  A  D  and  C  E  muft 
be  biffe£ted  in  C  and  D  ;  and  conlequently  all  the  Parts  A  C, 
CD,  D  E,  E  B  muft  be  equal  arnongft  themfelves,  that  their  Pro- 

dudt  may  be  a  maximum . 

Lemma  VII.]  The  Sum  of  the  Products  that  can  be  made  by 
multiplying  any  two  Parts  of  A  B  by  one  another  is  a  maximum 
when  the  Parts  are  equal.  The  Sum  of  thefe  Products  is  A  C  x 
CB+CDxDB+DExEB:  Now  that  D  E  x  E  B  may  be  a 
maximum,  DB  muft  be  biffe&ed  in  E  by  the  5th  Lemma,  and  for 
the  fame  reafon  A  D  and  C  E  muft  be  biflccted  in  C  and  D,  that 
is,  all  the  Parts,  AC,  CD,  D  E,  E  B  muft  be  equal,  that  the  Sum 
of  all  thefe  Produ6ts  may  be  a  maximum . 

Lemma  VIII.]  The  Sum  of  the  Produas  of  any  three  Parts  of 
the  Line  A  B  is  &  maximum,  when  all  the  Parts  are  equal.  For  that 
Sum  isACxCDxDE  +  EBxACxCD+ACxDE+CDxDE; 
and  fuppofing  the  Point  E  given,  it  is  manifeft  that  A  E  muft  be 
equally  trifeaed  in  C  and  D  that  ACxCDxDE  may  be  a 
maximum  by  Lemma  VI.  and  that  ACxCD  + ACxD  E-f-CD 
x  DE  may  be  a  maximum  by  Lemma  VII.  From  which  it  is  mani¬ 
feft  that  all  the  Parts  AC,  CD,  DE,  E  B  muft  be  equal,  that 
the  Sum  of  the  Products  of  any  three  of  them  may  be  a  maxi¬ 
mum. 

Lemma  IX.]  It  is  manifeft  that  this  way  of  reafoning  is  general, 
and  that  the  Sum  of  any  Quantities  being  given,  the  Sum  of  all 
the  Products  that  can  be  made  by  multiplying  any  given  Number 
of  them  by  one  another,  muft  be  a  maximum  when  thefe  Quantities 
are  equal.  But  the  Sum  of  the  Squares,  or  of  any  pure  Powers  of 
thefe  Quantities,  is  a  minimum ,  when  the  Quantities  are  equal. 

! Theorem .]  Suppo fe  x  n  —  Ax  n~~l  +  Bx  —  C  x  -f-  D  xr-~* 

_ Ex”"~5&c.  =0,  to  be  an  s Equation  that  has  not  all  its  Roots 

equal  to  one  another  :  Let  r  exprefs  the  Dimenfions  of  any  Coefficient 

— 1  n — 2  n — 3 

D,  and  let  l~nx  —  x - - x - — -  &c.  taking  as  many  Fa5lors  as 

234 

l 

there  are  Units  in  r  >  then  Jhall - ■  x  A r  be  always  greater  than  D, 

n r  f 
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impojjible  Roots. 

if  the  Roots  of  the  JEquation  are  real  Quantities  ajf effect  with  the 

fame  Sign.  ,  .  ’  \ 

This  may  be  demonstrated  from  the  preceding  Propofiti- 
ons  :  But  to  demonftrate  it  from  the  laft  Lemmata ,  let  us  afliime 
an  /Equation  that  has  all  its  Roots  equal  to  one  another,  and 
the  Sum  of  all  its  Roots  equal  to  A,  the  Sum  of  the  Roots  of 


n 


=  0, 


the  propofed  Equation.  This  Equation  will  be# - A 

n 

n  —  i  A2  n  —  i  n  —  2 

x  »  —  Ax  «-1  -+-  n  x - x  - x  nm~z  —  n  x - x - x 

2  n 2  23 

A  3  «-3 

- x  &c.  =  o  ;  and  if  r  exprefs  the  Dimenfions  of  the  Coeffi- 


n 


cient  of  any  Term  of  this  Equation  (or  the  Number  of  Terms  which 

Ar. 

precede  it)  it  ismanifeft  that  the  Term  itfelf  will  be  l  x  — 


x 


nr 


But  by  the  Suppofition  is  the  Correfponding  Term  in 

the  propofed  /Equation,  and  D  muft  be  the  Sum  of  all  the  Pro¬ 
ducts  that  can  be  made  by  multiplying  as  many  Roots  of  that  /E- 

1  Ar 

quation  by  one  another,  as  there  are  Units  in  r  ;  and - —  muft 


n 


be  the  Sum  of  the  like  Produces  of  the  Roots  of  the  other  ./Equa¬ 
tion  ;  which  muft  be  the  greater  Quantity  by  the  preceding  Lem¬ 
mata,  becaufe  its  Roots  are  equal  amongft  themfelves,  and  their 
Sum  is  equal  to  the  Sum  of  the  Roots  of  the  propofed  ./Equation  ; 
and  the  Sum  of  fuch  Produdts  is  a  maximum  when  the  Roots  arc 
equal  amongft  themfelves.  By  purfuing  this  Method,  it  may  be 


demonftrated  that 


2  B 


n  x  n 


r 


x  l  muft  always  exceed  the  Coefficient 


prefixed  to  the  Termx*~~r  in  an  /Equation  whofe  Roots  are  all 
real  Quantities  affefted  with  the  fame  Sign  ;  providing  that  r  be  a 


Number  greater  than  2  j  and  alfo  that 


2x3c 


nxn 


1  xn 


x  /  muft 


exceed  the  fame  Coefficient,  if  r  be  any  Number  greater  than  3, 
It  is  eafy  to  continue  thefe  Theorems. 

The  3d  Method  which  I  mentioned  in  the  Beginning  of  this  Letter, 
is  deduced  from  the  Confideration  of  the  Limits  of  the  Roots  of  /Equati¬ 
ons  *  and  though  it  is  explained  by  fome  Authors  already,  yet  as  I  de¬ 
monftrate 
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monftrate  and  apply  it  to  this  Subject  in  a  different  Manner,  I  fliall 
add  a  ffiort  Account  of  it. 

Lemma  X.]  If  you  transform  the  Biquadratick  x  +  —  Aa*  3  4- 
$  x  2  —  C  x  *T~  D  ~  o  into  one  that  fhall  have  each  of  its  Roots  lefs 
than  the  refpedive  Values  of  x  by  a  given  Difference  e  *,  Suppofe 
yzzx — e,  or  *=*-4-y,  the  transformed  Equation,  the  Order  of 
the  Terms  being  inverted,  will  have  this  Form: 


e  4  4  e  3  y  -~f-  6  e  2  y  z  4  e  y  3  *T*  y  *  zz  o> 

—  A  e3  —  3  A  e*  y  —  3  A  e  y  z  —  Ay  3 
-4-B  e  2  *+-  2  B  e  y  B  y  A 
—  C  e  —  C  y 
-J-  D 

Where  it  is  manifeft, 

1.  That  the  firfl  Term  e  *  —  A  e  3  -4-  B  e  2  - —  C  e  -4-  D  is  the 
Quantity  that  arifes  by  fubftituting  e  in  Place  of  x  in  the  propofed 
./Equation  x  4  —  Ax3  -f-B#2  —  Ca  +  D. 

2.  That  the  Coefficient  of  the  fecond  Term  4  e3  —  3  A^z  + 

2  Be — C  is  the  Quantity  that  arifes  by  multiplying  each  Part  of 
the  firft  <?  4  —  A  <?  3  -f-  B  ^  2  —  C  *  -4-  D  by  the  Index  of  e  in  that 
Part,  and  dividing  the  Product  by  e. 

3.  That  the  Coefficient  of  the  third  Term  6  e  2 —  3  A^ +  B 
is  the  Quantity  that  arifes  from  the  preceding  Coefficient  4  £  3  — 

3  A^  2  +  2B^  —  C  by  multiplying  each  Part  by  the  Index  of  e  in 
it,  and  dividing  the  Produd  by  2  e. 

4.  That  the  Coefficient  of  the  fourth  Term  arifes  in  like  Manner 
from  the  preceding,  only  you  now  divide  by  3  e  ;  and  in  general, 
the  Coefficient  of  any  Term  may  be  deduced  from  the  Coefficient 
of  that  Term  which  precedes  it,  by  multiplying  each  Part  of  the 
preceding  Coefficient  by  the  Index  of  e  in  that  Part,  and  dividing 
the  Product  by  e  and  by  the  Index  of  y,  in  the  Term  whofe  Co¬ 
efficient  is  required. 

Levima  XL]  If  any  ./Equation  x”  —  Aa^  +  Ba  2  —  C  x  *—1 
See.  =  o  be  transformed  in  the  fame  Manner,  by  fuppofing  y  =  x 

— e,  or  x=ze~h-y,  and  confequently  xn~e  -f-  ^\n  A  x  1  =  A  x 

e-\~  y\n~~\  B  x  r,—z  =  Bx^  +  )T—2  &c.  The  transformed  ^Equa¬ 
tion  will  have  this  Form,  the  Order  of  the  Terms  being  invert' 

ed>  ;  1  >5] 

— -i 

e n  +  n  e  n~~1  y  -+- »  x  — - x  e  rm“2  y  2  &c.  =  o 

2 


n 


A  e  *—1  —  n —  1  x  A  e nml  y 


n  —  ix - x  A  e  y  2  See. 

2  "  4-B 


impoffible  Roots . 

__  _  n  — 3 

~f-  B  e r,mmmZ  4-  n  —  2  x  B  £  3  y  4-  »  —  2  x - x  B  e K y 2  See. 

2 

_  _  « — 4 

—  C £ *—■'3  —  «  —  3  xC^ y  —  »  —  3  x - xCd* r*—j y  1  See. 

2 

&c.  &c.  &c. 

Where  it  is  manifeft, 

1.  That  the  fir  ft  Term  ?  ” —  A  *  >;~*1  -t-B  e  n~'z  —  C  e  *~~3  See.  is 

the  Quantity  that  arifes  by  fubftituting  e  in  the  Place  of  x  in  the 
propofed  Equation  xn  —  1  4-  B  x  n—z  —  C  x  *~3  &c. 

2.  That  the  Coefficient  of  the  fecondTerm  n  e  ,;~I —  n  —  1  x  A  e  r~*~ 

4-  n  —  2  x  B  e n  3  —  n  —  3  x  C  e  *“"4  See.  is  deduced  from  the  pre¬ 
ceding  e  n —  A  e  *“I  +  B  e  n~z  —  C  e  -3  &c.  by  multiplying  each 

of  its  Parts  by  the  Index  of  e  in  that  Part,  and  dividing  by  e. 

3.  That  the  Coefficient  of  the  third  Term  is  deduced  from  the 
Coefficient  of  the  fecond  Term,  by  multiplying  after  the  fame 
Manner,  each  of  its  Parts  by  the  Index  of  e  and  dividing  by  2  e . 
In  general,  the  Coefficient  of  any  Term,  y r  is  deduced  from  the 
Coefficient  of  the  preceding  Term,  that  is  of  yr~ 1  by  multiplying 
every  Part  of  that  Coefficient  by  the  Index  of  e  in  it,  and  dividing 
the  Product  by  re. 

Lemma  XII.]  If  you  fubftitute  any  two  Quantities  K  and  L  in 
the  Place  of  at  in  #4  —  Ax3  4-  B  x  2  —  Cx  4~  D,  and  the  Quan¬ 
tities  that  refult  from  thele  Subftitutions  be  affedted  with  contrary 
Signs,  the  Quantities  K  and  L  mu  ft  be  Limits  of  one  or  more  real 
Roots  of  the  Equation  x  +  —  A  #  3  4-  B  #  2  —  C  x  4-  D=o. 
That  is,  one  of  thefe  Quantities  muft  be  greater,  and  the  other 
lefs  than  one  or  more  Roots  of  that  Equation. 

For  if  you  fuppofe  that  a,  b,  c,  J,  are  the  Roots  of  that  Equa¬ 
tion,  then  it  is  plain  from  the  Genefis  of  Equations,  that  x  4  * — 

•Mmbimmmmb  '■  ■— 1  1  ■— KJ  »— aeriw,  ■■  jg 

A  x  3  4-  B  x  2  —  C  x  4~  D  ~  a1  —  ax  x  —  b  xx  —  c  x  x  —  d  and 

w 


therefore  K  and  L  being  fubftituted  for  x  in  x —  a  x  x —  bxx — c 


xx  —  d ,  the  Produdt  becomes  in  the  one  Cafe  pofitive,  and  in 
the  other  negative*,  fo  that  one  of  the  Fadlors  x — a,  x  —  h, 
x  —  r,  x  —  d  muft  have  a  Sign  when  K  is  fubftituted  for  x  in  it, 
contrary  to  the  Sign  which  it  is  affedted  with  when  L  is  fubfti- 
tuted  in  it  for  x  *,  fuppofe  that  Fadtor  to  be  x — b ,  and  fince 
K  —  b  and  L  —  b  are  Quantities  whereof  the  one  is  pofitive, 
Vol.  VI.  G  and 


JLl 

f 
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and  the  other  negative,  it  is  manifeft  that  b  one  of  the  Roots  of 
the  /Equation  muft  be  lefs  than  one,  and  greater  than  the  other  of  the 
two  Quantities  K  and  L  :  So  that  K  and  L  muft  be  the  Limits  of 
the  Root  b. 

I  fay  further,  that  the  Root  whereof  K  and  L  are  Limits ,  muft 
be  a  real  Root  of  the  /Equation  ;  for  the  Produbt  of  the  Fablors 
that  involve  impoftible  Roots  in  an  /Equation,  can  never  have  its 
Signs  changed  by  fubftituting  any  real  Quantity  whatfoever  in  place 
of  x  *,  becaufe  the  Number  of  fuch  Roots  is  always  an  even  Num¬ 
ber,  and  the  Produbt  of  any  two  of  thefe  Roots  fuch  as  x  —m 

—  4/  — and  x  — m~\~  V  — n  is  x  —  ml 2  ~h  n  2  which  muft  be 
always  pofitive,  whatever  Quantity  be  fubftituted  for  x,  while  n 
remains  pofitive,  that  is,  while  thefe  two  Roots  are  impoftible. 

Lemma  XIII.]  If  you  fubftitute  K  and  L  for  x  in  xn  —  A  x  1 

-1-  B  x ,:~~z  &c.  and  the  Quantities  that  refult  be  aftebted  with  con¬ 
trary  Signs,  then  fhall  K  and  L  be  the  Limits  of  one  or  more 

real  Roots  of  the  /Equation  xn  —  A  xn~~l  +  B  x  n~~2  &c.  —  o.  This 
may  be  demonftrated  after  the  fame  Manner  as  the  laft  Lemma. 
Theorem  L]  If  a,  by  c,  d  are  the  Roots  of  the  /Equation  x  4 — • 

Ax3  +  Bx  2  —  C^  +  D=o,  they  fhall  be  the  Limits  of  the  Roots 

of  the  ALauation  4X  3  —  3  A^  2  +  2  Bx  — C  —  o. 

Suppofe  a  to  be  the  leaft  Root  of  the  Biquadratick  x  4  —  A  x  3 
•4-B  x  2  —  C  x  +  D  —  o,  b  the  fecond  Root,  c  the  third,  and  d 
the  fourth,  and  the  Values  of  y  in  the  /Equation  in  the  10th 
Lemmay  will  be  a  —  b  —  e,  c  —  <?,  d  —  e  ;  then  by  fubftituting 
fucceflively  <2,  by  r,  d  for  e  in  that  /Equation  of  y,  one  of  the 
Values  of  y  will  vanifh  in  every  Subftitution,  and  the  ftrft  Term 
of  the  /Equation  of  y,  viz.  e  4  —  A  e  3  +  B  e  2  —  C^-f-D  vanifh*. 
ing,  the  /Equation  will  be  reduced  to  a  Cubick  of  this  Form. 

4  e  3  ~f~  6  e  2  y  4  e  y  2  ~f~  y  3  o 

— 3  Ae2  —  3  A  e  y  —  A  y  2 

r  i 

-4-2  B  e  *4-  B  y 
—  C 

And  confequently  4 e  3  —  3  A^  2  +  2B/?  —  C  muft  be  the 
Produbl  of  the  three  remaining  Values  of  y  having  its  Sign  chang¬ 
ed  j  that  is,  it  muft  be  equal  to  —  b  —  axe  —  a  xd —  a  when  e 
is  fuppofed  equal  to  a  *,  it  muft  be  — a  —  b  x  c  —  b  x  d  —  b  when 

e  =  b  >  it  muft  be  —  a  —  c  x  b  —  ex  d  —  c  when  e—  c ,  and  it  muft 

be 


impojfible  Roots. 
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be  —  a  —  d  x  b — dxc—d  when  c  =  d.  Now  it  is  manifeft  that 


thefe  Produ&s  b  —  axe  —  axd  —  a ,  a  —  bxc  —  bxd — b,a — c 


x  b —  cxd  —  c,  a  —  dxb  —  dxc  —  d  muft  be  affe&ed  with  the 
Signs  4-,  — ,  4-,  —  refpedtively  ;  the  firft  being  the  Prod  u  61  of 
three  pofitive  Quantities,  the  fecond  the  Produ6t  of  one  negative 
and  two  pofitives,  the  third  the  Produ6t  of  two  negatives  and  one 
pofitive,  and  the  fourth  the  Produdl  of  three  negatives.  Therefore 
fince  by  fubftituting  <3,  £,  c,  d  for  e  in  the  Quantity  — 3  A  e2 
4-  2  B  e  —  C,  it  becomes  alternately  a  pofitive  and  a  negative 
Quantity,  it  follows  from  the  laft  Lemma  that  a,  b,  c ,  d  mud:  be 
the  Limits  of  the  Roots  of  the  ^Equation  4.  e  3 —  3  A  e  2  4-2  Be — 
C-o,  or  of  the  ^Equation  4.x  3  —  3  A  x  2  4-  2  B  x  —  C—  o. 

Coroll.]  It  follows  from  this  Theorem,  that  if  a'r  b\  and  c  are  the 
three  Roots  of  the  /Equation  4.  x  3  —  3  A  x  2  4-  2  B  x  —  C  =  o,  they 
muft  be  Limits  betwixt  a ,  b ,  r,  d  the  Roots  of  the  Biquadratic^ 
x  4  —  Ax  3  4-  B  x  2  —  C  x  4-D  =  o  :  For  ii  a ,  c,  d are  Limits 

of  the  Roots  a\  b\  and  c  *,  thefe  Roots  converfely  muft  be  Limits 
betwixt  a ,  b ,  c  and  d. 

Theorem  II. ]  Multiply  the  Terms  of  any  Biquadratick  x  4  — 
A  x  3  4-  B  x  2  —  C  x  4-  D  — :  o  by  any  Arithmetical  Series  of 
Quantities  1 4-  4  /  4-  3  m,  /  4-  2  m,  /  4-  /«,  /,  and  the  Roots  of 

the  Biquadratick  a,  b ,  c,  d  will  be  the  Limits  of  the  Roots  of  the 
Adequation  that  refults  from  that  Multiplication  ;  that  is ,  of  the  Ade¬ 
quation 

lx 4  —  l  Ax  3  4“  l  B  x  2  —  /  C  x  4-  /  D  —  o 
4-4  —  %m  A  x  3  -h-  2  mB  x 2  —  m  C  x. 

Suppofe  that  fubftituting  the  Roots  a ,  £,  c,  d  of  the  biquadra¬ 
tick  ^Equation  x  4  —  Ax  3  4-  B  x  2  —  C  x  4-  D  :=  o  fuccefllvely, 
for  ^  in  4 ^  J  —  3  Ax2  4-  2  B  x  —  C,  the  Quantities  that  refult 

are  —  R,  4-  S,  —  T,  4-  Z  ;  while  x  4  —  Ax3  4-  B  x  2  —  C  x 

4-  D  is  in  every  Subftitution  equal  to  nothing  *,  and  it  is  manifeft 
that  the  Quantity 

4-  /x4  —  /  A  x  s  4-  IB  x  2  —  /  C  x  4-  /D 
4-  4  m  x  4  —  3  m  Ax3  4-  2  mB  x  2  —  m  C  x 

will  become  (when  a,  b ,  c,  d  are  fubftituted  fuccefllvely  in  it  for  x) 
equal  to  —  m  R  x,  4-  m  S  x,  —  mld  x,  4“  m  Z  x  ;  where  the  Signs 
of  thefe  Quantities  being  alternately  negative  and  pofitive,  it  fol¬ 
lows  that  a,  b7  c ,  d  muft  be  Limits  of  that  ^Equation  by  Lem¬ 
ma  XII. 

G  2  Coroll. ] 
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Coroll. ]  Hence  ic  follows,  that  a ,  b,  c  and  d  are  Limits  of  the 
Roots  of  the  cubick  ^Equation  Ax  3  —  3C^ —  4  D— o, 

and  converfely,  that  the  Roots  of  this  Cubick  are  Limits  of  the  Roots 
of  the  biquadratick  ./Equation  x  4  —  A  #  3  +  B  #  2  —  C  x  -h  D=0‘, 
for  multiplying  the  Terms  of  this  biquadratick  /Equation  by  the 
Arithmetical  Progreflion  o,  — 1,  — 2,  — 3,  — 4,  the  Cubick 
A  x  3  —  2  B  x  2  -f-  3  C  x  —  AD  —  o  arifes. 

Theorem  III.]  In  general,  the  Roots  of  the  Equation  xn — Axn'~l-\- 
B  rV  »—2  —  C  x n  3  See.  o,  are  the  Limits  of  the  Roots  of  the  Equa¬ 
tion.  n  x  *“I  —  n  —  i  x  A  x  r,~~z  -+-  n  —  2  x  B  x  *"”3  &c.  —  o,  or  of 

any  Equation  that  is  deduced  from  it  by  multiplying  its  Terms  by  any 
Arithmetical  Progreffion  l  qp  d,  l  2  d,  /  =p  3  d  See.  and  converfely 
the  Roots  of  this  new  Equation  will  be  the  Limits  of  the  Roots  of 
the  propofed  Equation  xn  —  Ax  7;“~I  H-  B  x  n~~z  See.  =  o. 

This  Theorem  is  demonftrated  from  the  n/£and  12th  Lemmata 
in  the  fame  manner  as  the  preceding  Theorems  were  demonftrated 
from  the  10 th  and  12 th.  From  thefe  Theorems  it  is  eafy  to  infer 
all  that  is  delivered  by  the  Writers  of  Algebra  on  this  Subjedh 
Theorem  IV.]  The  Equation  xn —  A  a;  1  -f-  B  x  *-~2  — C  x  ””*3 
See.  ~o  will  have  as  many  imaginary  Roots  as  the  Equation  nxVw^x 

_ 'n _ x  x  A  x  n'~z  —  n  —  2  x  B  x  3  See.  =  o,  or  the  Equation 

A  x  n~ 1  —  2  B  x  “f"  3  C  x n~~i  &c.  zz  o. 

Suppofe  that  any  Root  of  the  /Equation  n  x  71 —l  —  n — ix 

Ar^J  +  « —  2  xB  x  n~~3  Sec.  =0,  as  p  becomes  imaginary,  and 

the  two  Roots  of  the  ./Equation  xn — A^^1  +  B^'!~i  &c,  =  o, 
which  by  Theor.  III.  ought  to  be  its  Limits ,  cannot  both  be  real 
Quantities  •,  for  it  is  manifeft  from  the  Demonftration  of  Theor.  I. 
that  if  they  are  real  Quantities,  then  being  fubftituted  for  x  in 

n  x  *“I  — n —  1  xA^”“2  +  n  — 2  x  B.v  3  &c.  the  Quantities 
that  refult  muft  have  contrary  Signs,  and  confequently  the  Root 
p,  whereof  they  are  Limits ,  muft  be  a  real  Root  ;  which  is  a- 
gainft  the  Suppofition.  The  fame  is  true  of  the  ./Equation  A  x”  —  1 

—  2  Ba4”-*2  -f-  3  Ca  ”~3  See.  —o,  for  the  fame  Reafon. 

Coroll.  1.]  The  Biquadratick  .v4  —  A*3  -LB**2  —  CatT-D 

—  o,  will  have  two  imaginary  Roots,  if  two  Roots  of  the  iEqua- 
tion  \x3  —  3Aat2T-2Bat  —  C=o  be  imaginary ;  or  if  two 
Roots  of  the  /Equation  A  a  3  —  2  B  a  2  +  3  C  a  —  4  D  =  o  be 
imaginary.  But  two  Roots  of  the  /Equation  4a;  3  —  3  A  at  2  -T  2  B  x 

—  C  =  o  muft  be  imaginary,  when  two  Roots  of  the  Quadratick 
6  at  2  . —  3  Aa  +  Bzo,  or  of  the  Quadratick  3  A  x  2  —  4  B  x 
+  3  C  z  o  are  imaginary,  becaufe  the  Roots  of  thefe  quadratick 

/Equa- 
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/Equations  are  the  Limits  of  the  Roots  of  that  Cubick,  by  the 
third  Theorem  •,  and  for  the  fame  reafon  two  Roots  of  the  cubick 
/Equation  A  x  *  —  iBx^  +  ^Cx  —  4  D.=  o  muff  be  imaginary, 
when  the  Roots  of  the  Quadratick  3  A  x  2  —  4  B  x  3  C  =  o,  or 
of  the  Quadratick  B  x*  —  3  C  at  +  6  D  =  o  are  impoffible.  There¬ 
fore  two  Roots  of  the  Biquadratick  .v  4 —  Ax  *  -j-B  xz  —  Cv-f- 
D  =  o  muft  be  imaginary  when  the  Roots  of  any  one  of  thefe  three 
quadratick  /Equations  6  x*  —  3  A  #  H-  B  =0,  3  Axz  —  4  B  x  -f- 
3  C  =  o,  B  x  z  —  3  C.v  +  6D=o  become  imaginary  ;  that  is, 

3  4  3 

when  — A  2  is  lefs  than  B,  —  B  2  lefs  than  A  C,  or  —  O  lefs  than 

8  9  8 

B  D. 

Coroll.  2.]  By  proceeding  in  the  fame  manner^  you  may  deduce 

from  any  /Equation  xn  —  A  xn~~l  +  B  xnmmmZ —  C.r”— 3&c.  =0, 
as  many  quadratick  /Equations  as  there  are  Terms  excepting  the 
firft  and  laft  whofe  Roots  muft  be  all  real  Quantities,  if  the  pro- 
pofed  Equation  has  no  imaginary  Roots.  The  Quadratick  de¬ 
duced  from  the  three  firft  T erms  xn  —  A  x  r"~~l  *4“  B  x  *—2  will 


manifeftly  have  this  Form,  nx  n  —  1  xn  —  2  xn  —  3  &c.  x  xz — 


n  —  ix  n  —  2  x  n  —  3  x  n  —  4  Scc»  x  A  x  n  —  2  xn  —  3  x 


n  —  4  xn  —  5  &c.  xB  =  o,  continuing  the  Faelors  in  each  till 
you  have  as  many  as  there  are  .Units  in  n  —  2.  Then  dividing 
the  /Equation  by  all  the  Factors  n — 2,  n  —  3  &c.  which  are  found 


in  each  Coefficient,  the  /Equation  will  become  n  xn  —  1  x;v2 


n  —  1  x2  A^  +  2x  ixBzzo,  whofe  Roots  will  be  imaginary 

-  - — 

by  Prop .  I.  when  n  xn  — •  1  x  2  x  4  B  exceeds  n  —  i|z  x  4  A  2,  or 

n  —  1 

when  B  exceeds -  A2,  fo  that  the  propofed  /Equation  muft 

2  n 

n  —  i 

have  fome  imaginary  Roots  when  B  exceeds - -  A  2 ;  as  we 

2  n 

demonftrated  after  another  Manner  in  the  5th  Propofition.  The 

qua' 


Of  /Equations  with 

quadratick  /Equation  deduced  in  the  fame  Manner  from  the  three 
firft  Terms  of  the  /Equation  A^-1  —  2  B  x  2  -+-  3  C  # 3&c. 

— ■  . . . 

—  o,  will  have  this  Form  n  —  1  x  n  —  2  xn  —  3  &c.  x  A  x  2  — 


n  —  2  xn  —  3  x  n  —  4  &c.  X2  B  x  n  —  3  xn  —  4x7/  —  5  &c  * 
X3C-0;  which  by  dividing  by  the  Factors  common  to  all  the 


Terms,  is  reduced  to  n  —  1  xn  —  2  x  Aa:2  —  n  —  2x  4  B  #  -f- 

2  n  —  2 

6  C  n  o,  whofe  Roots  muft  be  imaginary  when  —  x - xBz 

3  n  —  i 

is  Ids  than  A  C  ;  and  therefore  in  that  Cafe  fome  Roots  of  the 
propofed  /Equation  muft  be  imaginary. 

Coroll.  3  ]  In  general,  let  D  at  n—r  +  1  —  E  x  n~~r  F  x  1  be 
any  three  Terms  of  the  ./Equation,  xn  —  Ax 1  -+-  Bx  2  &c.  =  o, 
that  immediately  follow  one  another;  multiply  the  Terms  of  this 
/Equation  firft  by  the  Progreftion  »,  n  —  1,  n — 2,  &c.  then  by 
the  Progreftion  n  —  1,  n  —  2,  n  —  3,  &c.  then  by  n  —  2,  n  —  3, 
n — 4,  &c  till  you  have  multiplied  by  as  many  Progreftions  as 
there  are  Units  in  n — r  —  1:  Then  multiply  the  Terms  of  the 
/Equation  that  arifes,  as  often  by  the  Progreftion  o,  1,  2,  3  &c.  as 
there  are  Units  in  r —  1,  and  you  will  at  length  arrive  at  a  Qua¬ 
dratic!:  of  this  Form, 

n  —  r  -f-  1  x  n  —  r  x  n  —  r  —  1  xn  —  r  —  2  &c.  x  r  —  ixr  —  2 
xr  —  *3  xr  —  4  &c.  xDP. 

_ “ "1  —r  xn  —  r  —  1  x  n  —  r  —  2xk  —  r  —  3  &c.  xr  x  r  —  1 

x  y  __  2  xr  —  3  x  E  x. 

_p_  n _ r  — i  xn  —  r  —  2  xn  —  r  —  3  x«  —  r  —  4  &c.  xr+  1 

x  r  x  r _  1  xr  —  2  See.  x  F  m  o. 

And  dividing  by  the  Fadtors/z  —  r —  1,  n  —  r  — 2,  &c.  and  r — 1, 
r _ 2  &c.  which  are  found  in  each  Coefficient,  this  /Equation  will 

be  reduced  to  n  —  r~h  1  x  n  —r  x  2xixD^  —  n  —  rx  2  xr 
x  2  E  a.*  Hh  2  x  i  x  r  ~h  1  x  r  F  =  o,  whofe  Roots  muft  be  imaginary 

n  —  r  r 

(by  Prop.  I.)  when - x - x  E  2  is  lefs  than  D  F.  From 

n  —  r  -t-  i  r  ■+*  i  which 
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impojfible  Roots ,  &c. 

which  it  is  manifeft  that  if  you  divide  each  Term  of  this  Series  of 

n  n  —  i  n  - —  i  n  —  3  n  —  r  ~h  1  n  —  r 

Tractions  - , - , - , - ,  Sec. - , - 

1234  r  r-~h  i 

by  that  which  precedes  it,  and  place  the  Quotients  above  the 

Terms  of  the  ^Equation  x”  —  A  .v  1  B  x  r~~z  —  *~3  &c.=zo, 

beginning  with  the  fecond  :  Then  if  the  Square  of  any  Term  multi¬ 
plied  by  the  Fraction  over  it  be  found  lefs  than  the  Produdt  of  the 
adjacent  Terms,  fome  of  the  Roots  of  that  ^Equation  muff  be  ima¬ 
ginary  Quantities. 

There  remain  many  things  that  might  be  added  on  this  Subject, 
but  I  am  afraid  you  will  think  I  have  faid  as  much  of  it  as  it  de¬ 
ferves  ;  and  therefore  I  fhall  only  add  the  Demonftration  of  fome 
Algebraick  Rules  and  Theorems  that  are  very  eafily  deduced  from 
the  1 1  th  Lemma. 

I,  The  Rule  for  difeovering  when  two  or  more  Roots  of  an  2 E-  A  Demon- 
quation  are  equal,  immediately  follows  from  that  Lemma.  Suppofej?ratlon,  01 
that  two  Roots  of  the  ^Equation  xn  —  A  at r~~1  4-  B  at  nr~z —  C 
See.  = o  are  equal,  and  two  Values  of  y  (which  is  equal  always  to 
x  —  e)  will  be  equal.  Suppofe  that  e  is  equal  to  one  of  thofe  two 
equal  Values  of  x  ;  and  two  Values  of  y  will  vanifh,  and  confe- 
quently  yz  mud  enter  each  of  the  Terms  of  the  ^Equation  of  y  ; 
and  Therefore  in  this  Cafe  the  firft  and  fecond  Term  of  the  2E- 
quation  of  y  in  Lemma  nth  muft  vanifh,  that  is,  en  —  Aer‘—  1 


4-Btf  n~~z  —  C  e n  3  &c.  — o,  and  n  e  n—1  —  n  —  1  x  Ae  4 -  n  —  2 


x  B  ^  ”  3 — n  —  -3  x  C  ^  ?/-4  &c.  —  o  at  the  fame  time;  and 
confequently  thefe  two  ^Equations  muft  have  one  Root  common, 
which  muft  be  one  of  thofe  Values  of  x  that  were  fuppofed  equal 
to  each  other.  It  is  manifeft  therefore  that  when  two  Values  of 

x  are  equal  in  the  ^Equation  x 71  —  A  x  1  4-  B  *  K~2  &c.  zr  o,  one 
of  them  muft  be  a  Root  of  the  ^Equation  n  x  1  — n —  1  x  A  xr~-z 
*4-  n  —  2  x  B  x  n~~  3  &c.  =  o. 

If  three  Values  of  x  be  fuppofed  equal  amongft  themfelves  and 
to  <?,  then  three  Values  of  y  (—  x —  e)  will  vanifh,  and  the  firft 
three  Terms  of  the  ^Equation  of  y  in  Lemma  XI.  will  vanifh,  and 


therefore  «  x  n  —  1  x  e  n~~z  —  n  —  1  x  n  —  1  x  Ae  *“3  4-  n  —  2  x 
n —  3  x  B  e  See.  =  0  ;  and  one  of  the  equal  Values  of  x  will 


be 


4S 


Other  Algebraic  Rules 

be  a  Root  of  this  laft  ./Equation,  and  two  of  them  will  be  Roots 

of  the  /Equation  n  x  *“"1  —  n  —  i  x  A  x  n~z  *+•  n  —  2  x  B  x  See: 
=  o.  In  general,  it  appears  that  if  the  /Equation  xn  —  Ax  1 
4-B^  *  &c.  —  o  have  as  many  Roots  equal  amongft  themfelves 

as  there  are  Units  in  S,  then  fhall  as  many  of  thofe  be  Roots  of 

the  /Equation  n  x  —  n  —  1  x  A  x  r‘~z  n  —  2  x  R  a;  w~~3  &c. 
—  o  as  there  are  Units  in  S  —  1  ;  as  many  of  them  fhall  be  Roots 

of  the  /Equation  n  x  n  —  1  x  x  K~~l  —  n  —  1  x  n  —  2  x  A  .*•  ?;—3  -4r 

n — ~2  x  n  —  3  x  B  x  &c.  =  o,  as  there  are  Units  in  S  —  2  ;  and 
fo  on. 

II.  The  general  Rule  which  Sir  Ifaac  Newton  has  given  in  the 
Article  de  Limitibus  Aequationum  for  finding  a  Limit  greater  than  any 
of  the  Values  of  x  immediately  follows  from  the  11th  Lemma ;  for 
it  is  manifeft  that  if  e  be  fuch  a  Quantity  as  fubftituted  in  all 

the  Coefficients  of  the  /Equation  of  y,  viz,,  in  e”  —  A  e  K~~ 1  B  e  n—z 

_  n — 1 

&c.  n  e  ,:~*1  —  n  —  i  x  A  e  n~~z  T-  n  —  2  x  B  e  ””~3  Sec.  n  x - x 

2 

n—2  n  —  3 

er.—x  —  n  —  !  x - xA^“3  *T”  n  —  2  x - xB^“^  &c.  gives 

2  2 

the  Quantities  that  refult  all  pofitive  ;  then  there  being  no  Changes  of 
the  Signs  of  the  /Equation  of  y  in  this  cafe,  all  its  Values  muft  be 
negative  *,  and  fince  y  is  always  equal  to  x  —  e>  it  follows  that  e 
muft  be  a  greater  Quantity  than  any  of  the  Values  of  x  \  that  is,  it 
muft  be  a  Limit  greater  than  any  of  the  Roots  of  the  /Equation 

x  n _ A  x  +  B  *  w~2  &c.  =  o. 

III.  From  this  11  th  Lemma  fome  important  Theorems  in  the  Me¬ 
thod  of  Series ,  and  of  Fluxions ,  and  the  Refolution  of  /Equations 
are  demonft rated  with  great  Facility  *,  it  is  obvious  that  the  Coef¬ 
ficient  of  the  fecond  Term  of  the  /Equation  of  y  in  that  Lemma 
is  the  Fluxion  of  the  firft  Term  divided  by  the  Fluxion  of  e\  the 
Coefficient  of  the  third  Term  is  the  fecond  Fluxion  of  that  firft 

Term  divided  by  2  <?  3  *,  fuppofing  e  to  flow  uniformly.  The  third 

• 

Term  is  the  third  Fluxion  of  the  firft  Term  divided  by  2  x  3  e  3  ; 
.and  fo  on.  Therefore  fuppofing  +  &c,  =c, 

.the 


and  Theorems  demonfirated. 


C  C 

the  ^Equation  for  determining  y  will  be  c  +  —  y  + - y  2 

e  1X2  e* 

m 

•  » 

-f-  — - y  3  &c,  =s  o  j  and  hence,  when  o  is  near  the  true 

ix2  X3  e3 


Value  ef  x,  Theorems  may  be  deduced  for  approximating  to  y , 
and  confequently  to  x  s  which  is  fuppofed  equal  to  y  -f-  e. 

IV.  Let  A  P  (=  x)  be  the^Abfcifs,  and  P  M  (=z)  the  Ordinate  Fig.  u 
of  any  Curve  BLM;  and  fuppofe  any  Qtl^er  Abfcifs  A  K  —  e. 


c 

and  Ordinate  K  L  =  <r,  then  fhall  2  ( =  P  M  )  =  c  =p  —  y  -f» 

e 


•  • 

c 


y 2  =f 


y  3 


2  e 


2  x-3<? 


2  x3  x  4^4 


y  4  &c. 


For  let  z  be  fuppofed  equal  to  any  Series  confiding  of  given 
Quantities,  and  the  Powers  of  x,  as  to  A  .v  »  -f-  Bx r  -f-  C  a;*  &c. 
and  fubftituting  e  rp  y  for  xy  we  fhall  find  after  the  manner  of  the 
1 1  th  Lemma > 


n —  i 

z  ~  Aen^f.n  A  e  n~l  y  nx - x  A  e  n—z  y  2 

2 


r —  i 

-h  B  er er~~1  y  -4-  r  x - xB  ermm"z  xy2&ce, 

2 


S - I 

~f-  C  es  rp  sC  es~1y  ~F  s  x - x  C  e  *~~z  y  2  &c. 

2 

&c.  &c.  £s?r. 


But  when  x~e  then  x  —  c  —  A  en  4-  B  +  C £ 5  &c.  c  = 


n  Ae  ■+■  r  B  e  r~I  e  -+-  j  C  e  1  e  &c.  c  =  «  x  «  —  i  xA^toJ 

•  — _____  *  — • 

f’+nr  —  i  xBf  c  -  +  j  xj  —  xxC  e !— *  e  *&c,  and  there- 

Vol.  Y-I.  '  H  fore 
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c  c  c 

fore  2  =  c  =p  —  y  -f- - y  1  - p - y 3  &C.  After  the  fame 

£  2  £  2  x  3  e  3 

•  •  **• 

2  2  2 

manner  you  will  find  that  ^  —  2  ±  —  y-h - y  2  ± - y  3 

•  •  • 

^  2  x 2  2x3^  3 

&c.  for  c  zz  Ae n  -h  B  ey  +  C  es  See.  =  A  x  #  rfc  y|*  -f-  B  x  tfzb  yl' 

•  •  • 

2  2 

-f*  C  x  x  dr  yb  See.  zz  2  dr  —  y  db - y  2  &c.  The  Area  KLMP 

•  * 

X  2  X  2 


is  equal  to  the  Fluent  of  2  y  or  of  c  y,  but 


2 


•  • 

2 


2 


£  y  —  2  y  dr —  yy  -f- - y  2  y  dr 

X  2  X  A 


y  3  y  &c. 


2  x  3  x 


t 

c 


•  • 


and  zyzzcy  zp  —  y  y  d- - y  2  y  rp - 

•  •  • 
e  2 e A  2  x  3^  2 

And  confequcntly  by  finding  the  Fluents 


y  3  y  &c. 


•  * 

c 


•  • 
c 


KLMP  =  c  y  =p  - 


2  e- 


2 


or  KLMP  =r  2  y  dr  —  y  *  d- 

2X 


y  3  =p - - 

2x3  e  2  2 X3 X4^ 

y  ft  — 

•  • 

2  2 

y  zrz  y 

> 

2 X3X2  2x3x4^ 

y4  &c. 
3 


y  4  &c. 


This  Lift  is  the  Theorem  publilhed  by  the  learned  Mr.  Bernouillt 
in  the  Aft  a  Lipfus  1694. 


V.  Prop.  I.] 


! The  ReduSlion  of  Algebraic  Fra  SI  ions 
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‘  I 

V.  Prop.  I.]  Si  fit  Fr  a ft  io  qualibet - — ,  cujus  Of  Algebraic 

I  — ex  +  f  X  X  — g  X  3  &C.  Fractions  and 

recurring  Se- 

Numerator  fit  data  Quantitas ,  6?  Denominator  fit  Multinomium  ut-  An  dcMofv* 
cunque  compofitum  ex  datis ,  1,  e,  f,  g,  &c.  &  indeterminata  x  AV0  n°.' 373. 
Frattionem  fupradittam  ad  Frafiiones  fimpliciores  reducibilem  fore .  165. 

1 

Cafus  1.]  Sit  Fradtio  propofita - ;  finge  Denomi- 

I  £  tf-f- fX 

/ 

1  1 

natorem  1  —  ex  -4- / x x  =  0 ,  fintque  — ,  — ,  Radices  iftius  /Equa» 

m  p 

tionis,  fivefadto  xx — e  x  +/—  o9  fint  p ,  Radices  /Equationis 


m  p 

novae ,  fac  A  = - >  atque  B  — - — , 

m — p  p  —  m 

A  B 


&  erit  Fradtio  propo¬ 


fita  aequalis  Summae - ■"+* - 

1  — m  x  1  p  x 

1 

Cafus  2.]  Sit  Fradtio  propofita  — - - - — . 5  fingatur 

1  — ex-\-f  xx — ■ gxB 

ic 5  —  e  x  x  -hf  x  —  g  =  0,  fintque  m,  p,  q->  Radices  iftius  /Equationiss 


mm 


pone  A  — 


:,B- 


pp 


C  =; 


qq 


m—pxm  —  q  p  —  m  xp  —  q 

A 

&  erit  Fradtio  propofita  aequalis  Summae 


q — mxq — p 
B 


4- 


4~ 


i — mx  1 — px 


1 — qx 

Cafus  3«]  Sit  Fradtio  propofita 


1  —  ex 4-/# x  —  gx3  -h-hx  * 


fingatur  *  4  —  e  x  3  4-  f  x  x  —  g  x  Hh  h  =  o7  fintque  m>  p ,  q,  s9 

H  2  -  “  “  Radices 
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m  3 

Radices  iftius  Aquationis ;  pone  A  ~  — . .  ,  - 

m — p  x  m  —  qx  m — s 


p —  mxp  —  q  x  p —  s  q  —  m  x  q—  p  x  q —  s 


s  3 

. . . — - ,  eritque  Fradtio  propofita  aequalis  Summae 

s  — m  x  s  — p  x  s  —  q 

ABC  D 

— — - -f- - ■ - Hh* - - • 

i  —  m  x  i  — p  x  i  —  q  x  i  —  jx 


Cafus  4.]  Sit  Fradio  propofita - - 

1  — ex~t -fx  x — g  x3  -\-bx*  —  kx5 

fingatur  x 5  —ex*-\~fx  3  —  g  xx-hhx  —  k  —  0,  fmtquew,  p,  q,s,t, 


m 


Radices  iftius  Aquationis  \  pone  A  = 


* 


B— 


•,Cr 


m  — p  x  m — q  xm  —  s  x  m  —  t 
?4 


p — mxp — <£Xp — S  x  p — t  q  —  mxq — p  x  q  —  5  xq  —  t 

s  *  /  4 


D=! 


E- 


j — mxs  — p  x  s  —  q  x  s — t 


t — vi  x  t  — p  x  t  —  qxt  —  s 


A 


Eritque  Fradtio  propofita  aequalis  Summae, 


B 


1 — m  x  1 — mx 


C  D 

—  -q - 


1  —  qx 


■+- 


S  X 


sx 


.Lex  Redudtionis  illiufque  continuatio  patent,  ut  inutile  fo^et  illas 
verbis  explanare. 

Coroll.  1.]  Si  Radices  omnes  fint  aequales,  non  poterit  Fradtio  pro¬ 
pofita  reduci  ad  fimpliciorcs. 

Coroll.  2.]  Si  Radices  aliquae  fint  aequales,  alias  vero  inaequales,  po¬ 
terit  reduci  Fradtio  propofita  ad  fimpliciores  5  fit  v.  g.  Fradtio  pro¬ 
pofita 
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into  more  Simple  ones, 


pofita 


i — e  x+fxx — gx  3 


fadtoque  ut  praefcriptum  eft  x  3  — e  xx 


+  f*~g  —  o.  Sint  Radices  iftius  Aquationis  m ,  p,  quarum  w  & 
p  Tint  aequales  :  erunt  FraCtiones  fimplices  in  quas  refolvitur  pro- 


m  m 


pofita 


T- 


PP 


+ 


m 


p  x  m  —  q  x  i  —  m  x  p  —  m  x  p  —  <^x  £  —  p  x 


—  — ■  —  - ;  addantur  duae  priores  in  unam  Summam, 

q  —  m  x  q  —  px  i  —  q  x 

&  erit  Summa  (divifis  Numeratore  &  Denominatore  per  m  —  p) 

w  p  —  q  x  m  -f-  p  r“  mp  q  x  mm — fiqm-\-mmqx 

-  — - -  ■" —  — '  five  - - - 

^  ^  xp  —  ^-Fi — mx  x  i — p  x  .  m  —  ^  |2  x  i — mx/2 

m  q  m 

five  —  — — -  —  - -  - -  ;  adeoque  FraCtiones 

m  —  qxi — m  x\2  m — q2  x  i — m  x\2 

m  qm 

reduCtae  erunt  _  ■  ~ — : —  —  -  -  . 

m  —  qxi  —  mx\ 2  m  —  q\  2  x  i  —  m  x  \2 

?? 

~f~  rzmzi — — 

m  — q I2  x  i  —  q  x 

Coroll.  3.]  Si  FraCtiones  fimplices,  in  quas  refolvitur  FraCtio  pro-' 
pofita,  involvant  Quantitates  imaginarias,  tunc  quicquid  eft  imaginarii 
Temper  deftruetur  per  additionem  duarum  vel  plurium  Fractionum 
numero  pari  fumptarum. 

Coroll.  4.]  Ex  combinatione  FraCtionum  fimplicium,  &  apta  li¬ 
mitatione  Radicum,  plurima  fuborientur  Theoremata  in  quibus  ine¬ 
rit  concinnitas  quaedam  minime  afpernenda.  Ex.  g.  fit  FraCtio  pro- 

1 

pofita - ,  faCtoque  ut  antea  x  4  —  e  x  3 

1  — ex  -f “/x  x  — ’  gx  ^  —f~  b  x  * 

+/ xx  —  gx  -\-h  ~o.  Sint  w,  p,  j,  Radices  Aquationis,  fint- 

» 

que 
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A  B 

que  Fradliones  in  quas  refolvitur  propofita,  -  -4-  - 


C  D 

*4" - -I- - 


i — mx  i  —  px 
Ponatur  j  =  — m,  atque  sz=.  —  p\  addan- 


■qx  i  — s  x 


turfimul  duae  priores,  itemque  duae  pofteriores,&  reducetur  Fra&iopro- 

m  ~\~p  —  mpx  m-\-p~{-mpx 

polita  ad —  . ~ ~  - _ _ — 

2  xm-\-px  i  — mxx  i  — p  x  2  x  m~hp  xi-\-mxxi  -+-px 

fi  vero  ponatur  p~ —  m,  atque  —  q,  &  addantur  duse  priores, 
itemque  duae  pofteriores ,  reducetur  Fradtio  propofita  ad 

m  m  q  q 

. . — . . . . . dr  ' 

mm —  qqx  i — mmxx  qq — mmx  i  —  qqxx 

Prop.  IL]  Si  'fit  Frafiio  qualibet  cujus  Numerator  fit  data  Quan¬ 
titas,  id  Denominator  Jit  Trinomium  vel  Quadrinomiumvel  .Quinquino- 
mium ,  &c.  radie  alitate  non  affectum,  id  utcunque  compofitum  ex  datis , 
t,  e,  f,  g,  h,  &c.  id  indeterminata  x,  atque  dividatur  Numerator  per  De- 
nominatorem ,  ut  habeatur  Series  Infinita  *,  dico  fore  ut,  fi  fumantur 
Termini  quilibet  iftius  Seriei  aqualibus  intervallis  a  fe  invicem  dift antibus, 
.Series  infinita  inde  refultantes,  fummdbiles  futura  fiint . 

i 

Exempt  i.]  Sit  Fradtio  propofita - *,  reducatur  illa  ad  Se- 

I  —  X XX 

riem  infinitam,  nempe  ad  i  x  d-  2  x  x  -h  3  x  3  -f- f  x  *  $  x  * 

ifx  6  21  x7  +34#  fumanturque  Termini  omnes  alterni, 

incipiendo  a  primo,  itidemque  fumantur  Termini  omnes  alterni,  inci¬ 
piendo  a  fecundo,  hincque  conficiantur  Series  binas, 

Videlicet,  1  -h  2  x  x  dr  5  x  *  dr  13  xG  •+*  34  #  s  idc. 

x  *■+“  3  x  3  ~f"  8  x 5  +  21  x  7  -f-  55  .v  9  idc. 

'Fingatur  Denominator  Fradtionis  propofitas,  1  — x  — xx* a  0, 
jam  cum  indices  potefbatum  indeterminatae  x,  in  novis  feriebus  fe  in¬ 
vicem  fuperent  communi  differentia  2,  pone  x  x  =:  z,  atque  ope 
duarum  aequationum  1  — x  —  x  x  —  0,  xx  =2,  exterminetur  x  ; 
fi'etque  1  —  3  zd-zz  —  o  *,  jam  nunc  reftituatur  x,  &  erit  1  —  3  x  x 
+  x  4  —  0  *,  dividatur  haec  aequatio  per  primam,  quotiens  erit  1  -f-  x 

_ xx  \  fumantur' ■  alternating  Termini  quotientis,  propter  Terminos 

.alter na tim  fumptos  in  ferie  propofita,  hincque  orientur  fummas  duas, 
1  —  xx,  &  x  *,  conflituantur  hae  fummae  Numeratores  Fradtionum 
rduarum  quarum  communis  Denominator  fit  1  — 3  xx  +  x  4.  erunt- 

que 


into  more  Simple  ones , 


XX 


X 


que 


& 


fummas  refpedHvae  novarum 


i — %-xx-i-x*  i — 3xx-\-x* 


Serierum. 

Exemp .  II.]  Si  vero  defiderentur  fummae  terminorum  intervaliis 
binis  a  fe  diftantium,  fiat  ut  prius  i  —  x  —  x  x  —  o,  jam  cum  indi¬ 
ces  poteftatum  in  novis  feriebus  fe  invicem  fuperent  communi  diffe¬ 
rentia  3,  ponatur  x3  =  z9  &  fiet  1 — 4  z  —  2 ;z=o,  atque  reftituto 
x ,  fiet  1  — 4.  x3 *  — x6  =o-,  dividatur  1  —  4  x3  — x6  per  1 — x  —  xx, 
quotiens  erit  1  *4-  x~4~2xx  —  x3  4-  x4,  cujus  termini  ordinatim 
fumpti  ad  intervalla  bina,  tres  conficient  fummas,  videlicet,  1 — x3, 
x  *4”  .v4,  2  x  x9  quae  figillatim  fumptae,  erunt  illae  Numeratores  trium 
Fradtionum,  quibus  fi  apponatur  communis  Denominator  1  — 4.x3  — 


_  Y  3  Y  — 1 —  y  4  O  Y  V 

erunt  tresFra&iones, - , - , - , 

1 — 4.x3 — x6  1 — 4X3 — x6  i — 4.x3 — .x* 

fummse  tres  Terminorum  omnium  binis  intervallis  a  fe  diftantium, 
incipiendo  refpedtive  a  primo,  fecundo  &  tertio  Termino ;  atque  ea¬ 
dem  methodo  colligere  licet  fummas  terminorum  ternis  vel  quaternis 
vel  quinis  intervallis  a  fe  diftantibus,  five  denominator  fit  quadrino- 
mium,  vel  multinomium  quodcunque  ex  terminis  finitis  compo- 
fitum. 

Prop.  III.]  Si  dividatur  Unitas  per  Trinomium  utcunque  compofi - 
tum  ex  datis  1,  e,  f,  g,  &c.  indeterminata  x  ;  dico  Terminum  que  fa¬ 
vis  Seriei  ex  hac  divijions  re  fui  tantis,  affignabilem  fore. 

Sit  T  rinomium  1  —  ex  4~/x  x  *,  finge  x  x  —  e  x  4-/  —  o,  fint  m  &  p9 
radices  Aquationis  *,  fit  /  4-  1  locus  termini  defiderati,  hoc  eft  ex¬ 
primat  l  intervallum  inter  primum  Terminum  &  Terminum  quaefitum, 

m  p 

Fac  A= - ,  B  m — — ,  et  erit  Terminus  defideratus  A//^4-  Bptxx?. 

q  m — p  p — m 

Eodem  modo  fi  dividatur  Unitas  per  Quadrinomium  1  —  ex 
4-/x  x- — g  x3  j  pone  x3  —  e  x  x  -h  f  x  —  0 ,  fintque  m ,  p,  q, 


radices  Aquationis,  fac  A  — 


mm 


.,B  = 


pp 


:,C=. 


m — p  xm  —  q 


p  —  m  xp - q 


n 


\  Et  erit  Terminus  defideratus  A  ml  4--B p1 4-  C  q1  x  x1, 


q  —  m  x  q  —  p 

&  lex  eadem  obtinet  pro  Multinomiis  quibufcunque. 


Problema 


A  Problem  in  the 

Problema  I.]  A  B  quorum  Dexteritates  fint  in  ratione  data ,  vi¬ 
delicet  ut  a  ad  b  *,  ea  conditione  ludant ,  ut  quoties  A  ludum  unum  vice- 
rjty  B  tradat  ipfi  nummum  unum :  quoties  vero  B  vicerit ,  A  tradat 
hfi  nummum  unum  :  &  non  prius  ludo  defiftant ,  £«0/0  num¬ 

mos  omnes  alterius  lucratus  fuerit  ;  quceritur  quantum  probabile  futurum 
jit  ut  certamen  intra  datum  ludorum  numerum  vel  expirante  illo  nu- 
mero ,  finiatur . 

Cajus  i.]  Sit  numerus  nummorum  quos  uterque  Colluforum 
habeat  *,  fit  etiam  n  numerus  par,  ponaturque  a  ad  b  habere  rationem 

aequalitatis. 

Centro  D,  Intervallo  i D  A  =  i,  defcribatur  Semicircumferentia 
A  M  Z,  quse  dividatur  in  tot  partes  aequales  quot  funt  unitates  in  n  *, 
tunc  ex  primo  H,  tertio  K,  quinto  M,  &c.  &  impari  quoque  divifio- 
nis  termino,  demittantur: ad  diametrum  perpendicula  HB,  KC,  MD, 

HB*+‘  CK^1  DM*+‘ 

OE,  QJV&c.  ponatur  Q== - : - - 

AB^+'  AC'*'1'1  AD’*1-1 

EO*+'  Q_F*+1 

_ -j - ,  &c.  donec  finus  omnes  exhauriantur :  quo 

AFA*+I  AFix~ri 

fadlo,  erit  probabilitas  certaminis  finiendi  intra  ludos  non  plures 
quam  x,  ad  probabilitatem  non  finiendi,  UC21*- 1  n  —  Qjid  Q, 
accurate. 

HB*+I 

Coroll.  i.1  Si  fumatur  pro  QJTerminus  primus - neg- 

ABiAr+‘ 

leftis  caeteris,  halabitur  approximatio  fufficiens  nifi  forte  fit  x  nume¬ 
rus  valde. exiguus. 

Exempd\  Sit  n  numerus  nummorum  quos  uterque  Coliuiorum  ha- 
beat  =  i o.  Sit  etiam  x-j6.  Si  fumatur  pro  Q_primus  ternius 
&  negligantur  casteri,  invenietur  probabilitas  certaminis  finiendi  intra 
ludos  non  plures  quam  76  ad  probabilitatem  non  finiendi  ut  50747 
ad  49235  >  fi  vero  Amantur  pro  Qjermini  duo  priores  negle&is  caete¬ 
ris,  'invenietur  ratio  probabilitatum  ut  50743  ad  49247. 

Coroll.  2.]  Invenire  quotenis  ludis,  probabilitates  certaminis  fini¬ 
endi  &  non  finiendi  erunt  aequales. 

HB*+' 

Solutio.']  Ponatur  pro  CL  Terminus  unicus  - ,  fiatque 

AB^-F-1 


2**—  n  —  Qj=  CL  Et  polito  n  maximo  numero, 
x • —  °-  75b  n  n  proxime,  aliquanto  major  quam  \  nn . 


invenietur 
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Cqfus  2.]  Sit  «numerus  impar,  ponaturque  a  ad  b  habere  rationem 
aequalitatis. 

Centro  G,  intervallo  G  A  defcribatur  femicircumferentia  A  M  Z  ^ 
quse  dividatur  in  tot  partes  aequales,  quot  funt  unitates  in  n  \  tunc  ex 
primo  H,  tertio  K,  quinto  M,  &  impari  quoque  divifionis  termino, 
demittantur  ad  diametrum  perpendicula  H  B,  K  C,  M  D,  O  E,  QF, 
&c.  ex  diametri  extremitate  A,  primo  fcilicet  arcui  contermina,  du¬ 
cantur  fubtenfae  A  H,  A  K,  A  M,  &c.  ad  quas  e  Centro  G  ducan- 

BFTxG* 

tur  perpendicula  Ga,  G/3,  Gy,  GcA,  Gg,  &c.  ponatur  - • 


CK*xG|3  DM*xGy  ECPxGcA  FQ^xGs 
- H - .  -4- - &c.  quo  facio, 

x-f*  I  X-\-  1  Ar-j-I 

AC  2  AD  2  AE  2  AF  2 

erit  probabilitas  certaminis  finiendi  intra  ludos  non  plures  quam  x ,  ad 

3 

2 

probabilitatem  non  finiendi,  ut  2  n  —  Qjid  (^accurate. 

HB'xG* 

Coroll.  i.]  Si  fumatur  pro  Q^terminus  primus - negledlis 

x  ■— F*  i 

AB  ~ 

caeteris,  habebitur  approximatio  fufficiens. 

j Exempl.]  Sit  n  numerus  nummorum  quos  uterque  Colluforum  ha¬ 
beat  =  45.  Sit  etiam  x  =  1519.  Sumatur  pro  Qjierminus  primus 
negledlis  oeteris,  &  invenietur  probabilitas  certaminis  finiendi  intra 
ludos  non  plures  quam  1519  ad  probabilitatem  non  finiendi,  ut  49959 
ad  50441,  quae  proportio  eft  vero  proxima.  * 

Coroll. 2.]  Invenire  quotenis  ludis  probabilitates  certaminis  finiendi 
&  non  finiendi  erunt  aequales. 

HB*  xGa 

Solutio Ponatur  pro  Terminus  unicus - ,  fiatque 

X  I 

AB~T~ 

X—  3 
2 

2  «-Q  =  Qj  &  polito  n  magno  numero,  invenietur 

x~o.  y$6  nn  proxime,  aliquanto  major  quam  \nn  \  contra  quam 
fentiebat  ClaT .  MonmorUus . 


# 
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Cafus  3.]  Pofitis  casteris  ut  in  primo  cafu,  fit  a  ad  b  ratio  inaequa* 

ar  -f-  bn  a  —  'l\*  ab 

litatis  ( vid.  Fig.  2.)  Pone  - .  =  L,  -  zs  d ,  — -  - 

a  b\  a  "\~b\  a  b\ 

r1  /'A  c\ " i  ri  # r  f  o  r) rj  * 

HB?  CK  q  MDj  GE? 

—  r,  Fac,  x,  2  r  : : - ,  m  :  : - ,  p  :  :  - ,  q  :  :  - } 

AB  AC  AD  AE 

QFq 

s  :  :  - ,  t. 

AF 


FIB  CK  lx  MD  ix 

Pone  Q  = - ; - m  —  - - -  p  —  ■  ■  .  q 

2  r  A  B  ~f-  d  2r  AC4*  d  2rAD+J 

&c.  quo  fa£to  erit  probabilitas  ludi  finiendi  intra  ludos  non  plures 

1  ..  •  -  *  -  .* .  *  '■  •  «r! 

i  n  ,  - 

quam  x,  ad  probabilitatem  non  finiendi,  ut  n  r 2  —  2  L  ad 

2  LQ. 


H  B 

Cor  oli. 'f  Si  fumatur  pro  Q^Termmus  primus  — - m*x 

2  r  A  B  -f-  d 

negledlis  ceteris,  habebitur  approxifnatio  fufficiens. 

Cafus  4.]  Pofitis  caeteris  ut  in  fecundo  cafu,  fit  a  ad  b  ratio  inae¬ 
qualitatis  (vid.  Fig.  3.) 

Pone  quantitates  L,  d ,  r,  m,  p,  q,  s,  t ,  Scc.  ut  in  tertio  cafu. 

BPI  x  G  a.  _____  C  K  x  Gj3  * _ \  -fi-  DM  x  G y  x  1 

PoneQjzi - - m  2 - p  2  - Q  2 

2rAB~f-J  2  rAC-W  2  rADH-</ 

&-C.  quo  fadto  erit  probabilitas  ludi  finiendi  intra  ludos  non  plures 

. '  .  1  i- ;  : •-  •  ' - 

n  ~  g 

quam  x,  ad  probabilitatem  non  finiendi,  ut  nr  ~qr“ —  4  L  Q ,  ad 
4  L  Q_.  .  r  ^ 

B  H  x  G  a  * — 1 

Cor  oil.]  Si.  fumatur  pro  QJTerminus  unicus - m  2  neg„ 

2  r  A  B  — f—  d 


ledlis  caeteris  habebitur  approximatio  fufficiens.  . 

Quemadmodum  in  Progreffime  Geometrica,  Fer  minus  quilibet  ad  proxi¬ 
me  procedentem  habet  rationem  datam ,  ita  funi  alio  Progreffwnes  quo 
fic  c onft  itui  pojfunt  ut  ajfumptis  ad  libitum  Ferminis  duobus  primis,  Fer- 
~  "  minus 
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r 

minus  quilibet  fubfequens  ad  duos  proxime  procedentes  habeat  rationes 
datas ;  hujufmodi  e  ft  fubjetta  Series , 

ABC  D  E  F 

+  17  x  3  “F  41  x  4  ~F  99  a?  5  &c.  in  qua 

C  =  2Bx+i  Axx 
D  —  2Cx*f*  i  Bxx 
E  =  2Dx  +  i'Cxx 
F  —  2EX+1  Dxx  &c. 

Definitio']  Quantitates  autem  Numerales  2+1  fimul  fumptas  fiibque 
propriis  fignis  connexas  appellare  licet  Indicem  Relationis. 

Eodem  modo  conftitni  pojfiunt  feries  alio  in  quibus  affumptis  ad  libi ~ 
tum  T erminis  tribus  primis,  'Terminus  quilibet  fubfequens  ad  tres  proxi¬ 
me  procedentes  habeat  rationes  datas  *,  hujus  generis  eft  fubjeffa  Se¬ 
ries. 

A  B  C  D  E  F 

1  +  2  x-F  3  x  x  10  x  3  -F  34  x  “F  97  x  5  &c.  in  qua 

D  =  3  Cx —  2BXX  +  5  Ax3 
E  —  3  Dx  —  2  C  x  x  “F  5  B  x  3 
F  —  3  E  x  —  2  Dxx  +  5  Cx3  &c. 

Quantitates  autem  Numerales  3  —  2  +  5  fimul  fimptce  fub que  pro¬ 
priis  fignis  connexo ,  componunt  Indicem  Relationis. 

Sunt  alio  feries  in  quibus  Relatio  fit  ad  quatuor ,  vel  ad  quinque , 
vel  ad  fex  Terminos  procedentes ,  &c. 

Definitio.]  Series  autem  omnes  hujus  generis  recurrentes  appellare 
licebit,  propter  Relationem  Terminorum  perpetuo  recurrentem. 

Problema  II.]  In  feriebus  recurrentibus ,  ex  datis  Terminis  duobus  pri¬ 
mis ,  fi  relatio  fiat  ad  duos  procedentes  \  vel  datis  Terminis  tribus  pri¬ 
mis  fiat  ad  tres  procedentes ,  &c.  dato  etiam  indice  relationis ,  invenire 
fummam  Terminorum  quotlibet  quorum  numerus  datus  fit. 

Problema  folvitur  in  Tradlatu  noftro  qui  infcribitur,  The  Doftrine 
of  Chances. 

Problema  III.]  Affumptis  ad  libitum  feriebus  quotcunque  recurren¬ 
tibus  ;  Terminifque ,  iifdem  intervallis  a  principio  ferierum  dift antibus,  in 
fe  invicem  multiplicatis ,  invenire  fummam  feriei  ex  hac  multiplicatione 
refiultantis. 

Inveftigatio.]  1°  Proponantur  feries  duae,  fitque  ?n-drn  Index  Rela¬ 
tionis  in  prima  ferie,  atque  p-h.q  Index  Relationis  in  fecunda,  ex 
primo  Indice  m  +  n,  formetur  iE quatio  a:  at — m  x  —  nz=.o ,  ex  fe¬ 
cundo  Indice  p-\-  q,  formetur  iEquatio  y  y  —  py  —  q~o,  pone 

I  2  x  y 


6o 


A  Demonstration  of  the  eleventh  Proportion 

x  y  —  2.  Aeque  ops  trium  iftarum  Aquationum,  expungantur  x  &  y, 
6c  orietur  Aquatio  2  4 — mpz*  — mmqzz —  mn  pqz-hnn  qqz^o, 

—  np  p 

—  2  nq. 

in  qua  deleto  primo  termino  2  4,  mutatis  (ignis  omnibus,  atque  po- 
(ito  2  “  1,  obtinebitur  Index  Relationis,  quo  obtento,  feries  reful- 
tans  facile  fummabitur. 

11°  Eodem  modo  procedere  licet,  fi  dentur  feries  tres  vel  quatuor 
&c.  recurrentes. 


A  Demon  fi  ra¬ 
tion  of the  1 1  th 
Propofition  of 
Sir  Ii'aac 
NewtonV 
{Quadratur  esby 
Mr.  B.  Robins. 
N°.  397.  p. 
230. 

Fig.  4. 


VI,  This  Propofnion  confifts  of  two  Parts:  The  firft  is  as  fol¬ 
lows. 

Fir  ft  Part.]  Let  there  be  any  Curve  ADI,  whofe  Abfcilfe  A  B 
(Ball  be  denoted  by  2,  and  its  Ordinate  B  D  by  y  ;  which  may  be 
related  in  any  manner  to  the  Abfciffe.  And  calling  this  the  firft 
Curve,  let  other  Curves  AE  K,  AFL,  AG  M,  A  H  N,  &V.  be 
formed  to  the  common  Abfciffe  A  B,  or  2,  by  making  the  Ordi¬ 
nate  BE  of  the  fecond  Curve  always  equal  to  the  Area  ABD 
of  the  firft  divided  by  Unity;  the  Ordinate  B  F  of  the  third  equal 
to  the  Area  A  B  E  of  the  fecond  divided  by  Unity  ;  the  Ordinate 
B  G  of  the  fourth  equal  to  the  Area  A  B  F  of  the  third  divided  by 
Unity;  and  fo  on  continually.  '  I 

Suppofenow,  that-other  Curves  A  O  S,  APT,  AQ^V,  ARW, 
be  defcribed  to  the  fame  common  Abfcifife  A  B  or  2 ;  in  which 
Curves  the  Ordinate  B  O  of  the  Curve  AOS  fhall  be  equal  to  2  y> 
the  Ordinate  B  P  of  the  Curve  APT  equal  2  *  y,  the  Ordinate 
B  Q  of  the  Curve  A  Qftt  equal  to  2  3  y,  the  Ordinate  B  R  of  the 
Curve  AR  W  equal  to  2  y9  i£c .  And  let  the  whole  Area  AC  I 
be  denoted  by  A,  the  Area  A  C  S  by  B,  the  Area  A  CT  by  C, 
the  Area  A  C  V  by  D,  the  Area  A  C  W  by  E,  &c.  Then  the 
Series  of  Curves  A  D  1,  A  E  K,  AFL,  A  G  M,  A  H  N  are  thus 

meafured  'r 

The  Area  of  the  firft  Curve  ADI  is  =  A 
_ of  the  fecond  AEK  is  —  z  A  —  B 


of  the  third  A  F  L  =2 


zz  A — 2  z 


of  the  fourth  A  G  M  =2 


2  5  a — 32 2  B-f-3  2C+D 


of  the  fifth  A  H  N  = 


z4  A — 4  z3  B-f-6z  2  C — 4zD-f-E 


and  fo  on  perpetually. 
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Here 


in  Sir  Ifaac  Newton’.?  Quadratures. 

Here  in  all  the  Curves  following  the  firft,  the  Index  of  the  higheft 
Power  of  z  is  always  the  Number  which  exprefies  the  Diftance  of 
the  Curve  from  the  firft,  and  afterwards  decreafes  regularly  by  Uni¬ 
ty;  the  firft  Term  is  multiplied  into  A,  the  fecond  into  B,  the 
third  into  C,  the  fourth  into  D,  and  fo  on  ;  the  Coefficients  are  the 
fame  as  in  a  Binomial  railed  to  the  higheft  Power  of  z,  and  the  Di- 
vifor  is  fo  many  Terms  of  this  Progreffion  1x2  X3X4X5X6  (Sc. 
as  is  exprefs’d  by  a  Number  equal  to  the  higheft  Index  of  z. 

Otherwife  fuppofing  x  to  reprefent  the  Diftance  of  the  Curve  to 
be  meafured  from  the  firft  ;  then  the  Area  fought  will  be  found  by 

extending  z  —  i\n  into  a  Series,  and  multiplying  the  firft  Term  by 
A,  the  fecond  by  B,  the  third  by  C,  the  fourth  by  D,  (Sc.  and  di¬ 
viding  the  whole  by  nx  n —  1  x  n —  2  (Sc.  continued  to  Unity, 
Second  Part.]  Suppofing  the  firft,  fecond,  third,  (Sc.  Curves  to 
be  the  fame  as  before  :  Let  t  denote  the  whole  Abfciflfe  AC,  and 
put  x  for  BC:  then  defcribe  the  Curves  CX  A,  C  Y  A,  C  Z  A, 
C  T  A,  where  B  X  ffiall  be  equal  to  xy,  B  Y  =  x  2  y,  B  Z  y, 
Br  =  y,  &c.  This  being  done,  and  in  the  Series  of  Curves 
C  I  D  A,  CX  A,  C  YA,  C  Z  A,  C  T  A,  (Sc.  the  firft  Area  Cl  D  A 
being  put  equal  to  P,  the  fecond  C  X  A  equal  to  Q_,,  the  third 
C  Y  A  —  R,  the  fourth  C  Z  A  ~  S,  the  fifth  C  r  A  =  T,  (Sc.  the 
whole  Areas  of  the  aforefaid  Series  of  Curves  are  alfo  determin’d 
as  follows. 

The  firft  AIC-P 
The  fecond  AKCr:Q 
The  third  ALC=JR‘ 

The  fourth  A  M  C  =  \  S 
The  fifth  AN  C=-  T. 

r 

Here  the  Areas  P,  Q^,  R,  S,  T  are  divided  by  Numbers 
produced  by  multiplying  as  many  Terms  of  this  Series 
1  X2X3X4X5  (Sc.  together,  as  in  the  former  Cafe. 

Demonft ration  of  the  lft  Part .]  Let  the  Area  A  B  D  be  denoted 
by  a>  the  Area  A  B  O  by  b>  A  B  P  by  c,  A  B  by  and  ABK 
by  e.  Then  it  is  evident,  that 

•  •  • 

The  Fluxion  of  the  Area  AB  Dis=izxBD~zy  =  a 


•  •  • 

The  Fluxion  of  the  Area  ABOis^zxBOizizzy  —  b 

•  •  • 

The  Fluxion  of  the  Area  A  B  P  is  =  z  x  B  P  —  zz2y~e 

&c.  &f. 


6l 


Hence 


62 


A  Demon]} ration  of  the  eleventh  Proportion 

Hence 

*  t  I 

z  x  a  is  (zzzz y  )  ~b 

♦  «  »  ( 

z%  xa  is  (zzzz*y)zzzbzzc 

*  a  *  «  e 

»  -  x  a  is  ( ss  z  %  1  y)  ss  %  &  bssxcsgsd 


Or  generally 

•  »  -• 


z”  x  a  =z  zr—J  x  b  =  z  r— 2  x  r  ~  z  x  d,  &c. 

&  • 


Now  as  z  x  A  B  D  or  z  x  a  is  =  Fluxion  of  ABE,  if  you  add. 

*0  * 


®  •  • 

to  the  firft  Part,  zx  a(~  zzy)  and  its  equal  b ,  to  the  other  Part, 
it  follows,  that 


z  x  f  C=  Fluxion  of  A  BE  +  * 

■+•  z  X  a  ,3 

And  taking  the  Fluents 

zx^  =  ABE  +  J,  or  ABE  =  z  x  a  —  b  ;  and  when  z  or  A B 
becomes  =  AC,  then  ABE  becomes  A  C  K,  and  a  and  b  be¬ 
come  A  and  B  ;  therefore  ACK  is  =  z.  x  A  —  B. 

Again,  The  Ordinate  B  F  of  the  next  Curve  is  equal  to  ABE, 
which  has  been  proved  equal  to  z.  x  a —  b.  Confequently  the 

•  • 

Fluxion  of  ABF  is  =  2:^^  —  z.  b  ;  and  if  you  add  to  the  firft 


’  ■  •  • 

Part  of  this  Equation,  ±  z.2  x  a  —  z.  b  (=  \  z.2  z,  y  —  z,  z.z  y  z 

•  •  v 

—  i  z.  z?  y)  and  its  Equal  —  ~  c  to  the  other,  it  follows,  that 


Fluxion  of  A  B  F 


2.  C 


Z  Z  a  —  zb 

•  ft 

%  z  z  a  —  zb 

And  taking  the  Fluents 

i  z2  a  —  ABF  —  \  c  ;  or  by  tranfpofing 
z2  a  —  2 zb -J-  c 


ABF  = 


;  or  fuppofing  z.  equal  to  AC, 


ACL 


in  Sir  Ifaac  Newton V  Quadratures. 


ACL  = 


z 2  A  —  2  z  B  -f—  C 


The  Ordinate  BG  is  equal  to  ABF,  which  has  been  proved 

(I  2  Z  It  j"~  ( 


equal  to 


- — :  Therefore  the  Fluxion  of  ABG  is  equal 


ZZ^-2Z2^+Zf 


to 


And  adding  j  z3  a 


~  z  2  b  -h  \  z  c 


W  —  -  W 

z  z3  y  —  =  on  one  fide,  and 

its  Equal  ~  d  on  the  other,  it  will  be 


•j  z  z2  a  —  z  z  b  -j-  i  z  f  £ _ 

+|-2T3  *  —  %  Z2  b-\-%ZC 

And  taking  the  Fluents 
■J  z,3  a  —  -  z2  b  -f-  f  z  c  = 


Fluxion  of  A  B  G  — J-  -J  d 


ABG  = 


A  B  G  -f-  \.d\  and  tranfpofing, 
z3  a  —  3  z2  b-t-  3  zc —  d 


\  or  fuppofing  z.  equal  to  A  C  % 


then  ACM  = 


z3  A — 3  z2  B~f~  3  z  C — D 


In  the  fame  Manner  the  Fluxion  of  ABH  is  equal  to 


zz- 


a  —  3  zz2  b-\-  3  z-z  c—zd 


and  adding  on  one  fide 


r~  zA  o,  —  \  z3  b-h-z^c  —  £  z  d,  and  its  Equal  —  -1-  e  on  the 
other,  it  becomes 


Ju^~|zz2^^z  C  —  f;  Z  d  /  .  .rAPTT»  ,  ‘ 

.  .  .  >=: fluxion  of  ABH- — 2~  e 

+  z  2  £  zdS 


And 


&4 


A  Demonflratlon  of  the  eleventh  Propoftion 

And  taking  the  Fluents 

2\z*a  —  ^  z3  b-h\z*  c —  =  ABH  —  r*  e:  therefore 

z,*  a — 4  z3  b  -f-  6  z  2  c  — 4  zd~he 

A  B  H  = - — - J  •,■■■;.  ).  . 
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Or  ACN  ~^4A  —  4.Z3  B  +  6i*  C  —  4  zD  -f-E,  fuppofing  z 
equal  to  A  C.  In  like  manner  you  may  proceed  to  meafure  any  of 
thefe  Curves:  and  you  will  always  find  their  Value  the  fame  as  is 
exprefied  in  the  Propofition. 

The  2 d  Part  demonft rated.]  Suppofe  any  Curve  whofe  Difiance  from 
the  firft  is  denoted  by  n ;  then  the  Curve  whofe  Abfcifle  is  B  C  or 

.v,  and  its  Ordinate  x  ny  divided  by  n  x  n — 1  x  n — 2  x  n — 3  &c.  con¬ 
tinu’d  to  Unity  will  be  equal  to  it,  when  x  is  equal  to  A  C  or  t. 

It  is  evident,  that  when  the  Areas  A  B  D,  A  B  O,  A  B  P,  A  B  Q, 
A  B  R,  &c.  decreafe,  the  Areas  BCID,  BCSO,  BCT  P,BCVQ^, 
BC  W  R  increafe  refpedively  *,  and  confequently  the  Decrements 
of  the  Areas  A  B  D,  ABO,  A  B  P,  CjA  or  their  Fluxions  with  a 
negative  Sign,  are  the  Increments  or  Fluxions  of  the  Areas  BCID, 
BCSO,  BCTP,  &c.  that  is,  calling  the  Area  BCID,  a;  the 
Area  BCSO,  /3  ;  the  Area  BCTP,  7  ;  B  C  V  Q^,  cO  ;  B  C  W  R,  g : 

•  ••  •  •  ••  •  •  4 

then  00  =  — /3=  —  £,  y  “ — r,  d  —  —  d,  s  ~  —  e. 

Now  the  Fluxion  of  the  Curve,  whofe  Abfcifie  is  =  or  B  C, 

•  •  _________ 

and  its  Ordinate  z=.x  v  y  is  x  xn  y  ;  that  is,  equal  to  x  y  x  t  —  z\r“, 

x  being  =  t  —  z  ;  or  fince  the  Increment  of  x,  or  x  is  equal  to 

the  Decrement  of  z9  or  —  the  Fluxion  of  the  fame  Curve  is 

•  • 

equal  to  —  z.  y  x  t  —  z\“  =  —  zy  in 


n — 1 

tn  —  n  x  t  n~~l  z  +  n  x - 1  n—z  *zz,  &c. 

2 

»— 1 

=  —  tn  zy-t-n  t  n~l  zzy  —  n  x - / «— 1  / 2  &  z2  y,  &c. 

2 

.  &  n — 1 

that  is,  =/”x — a — n  t  ty~J  x  —  b+nx - 2  x  — c ,  &c. 

2 


or 


in  Sir  Ifaac  Newton V  Quadratures. 


*5 


,  n — 1 

or  =  tn  a  —  n  tn~"J  (5  +  n  x - t  n—z  y,  &c.  and  taking  die  Fluents, 

2 

the  Area  of  the  Curve,  whole  Abfcifie  is  #,  or  B  C,  and  Ordinate 

n — 1 

x  "y,  is  equal  to  tn  a  — n  t  W~I  /3  -f-  n  x - 1  n~~z  y,  &c.  But  when 

2 

x  is  equal  to  A  C,  then  a,  /3,  y,  &c.  will  be  equal  to  A,  B,  C, 
&c.  as  is  very  evident*,  confequently  the  Area  of  the  Curve whofe 

Abfcifie  is  x,  and  Ordinate  x”  y,  when  x  is  =  A  C,  is  t n  A  —  ;;  *B 

» — 1  _ 

-f-  n  x -  x  £  C  &c.  that  is,  equal  to  t — i\n  thrown  into  a 

2 

Series,  and  the  firfi:  Term  multiplied  by  A,  the  fecond  by  B,  the 

third  by  C,  &V.  But  t — il*  thrown  into  a  Series,  and  the  firfi  Term 
multiplied  by  A,  the  fecond  by  B,  the  third  by  C,  &c.  and  then 

the  whole  divided  by  n  x  n — 1  x  /; — 2,  &c.  continued  to  Unity,  is 
equal  to  the  Area  of  the  Curve,  whofe  Place  in  the  Series  is  denoted 
by  n  :  Therefore  the  Area  of  the  Curve,  whofe  Abfcifie  is  equal  to 
x ,  and  its  Ordinate  to  xn  y,  taken  when  .v  is  equal  to  A  C,  and  di¬ 


vided  by  nxn — 1  x  n — 2  x  n — 3,  &c.  continued  to  Unity,  is  equal 
to  the  Area  of  a  Curve  whofe  Place  in  the  Series  is  denoted  by 
n  ;  that  is,  which  is  the  Area  of  a  Curve,  whofe  Abfcifie  is  x , 

and  Ordinate  x  y  taken  when  x  is  =  A  C,  is  equal  to  the  fecond 

Curve  AKC;  \  R,  which  is  the  Area  of  the  Abfcifie  x ,  and 
Ordinate  x  4  y,  taken  in  the  fame  manner,  is  equal  to  the  third 

Curve  A  L  C  ;  \  S,  which  is  a  like  Area  to  x  and  x  *  y,  is  equal 

to  the  fourth  Curve  AMC;  T,  the  Area  to  x  and  x  4  y,  x  be¬ 
ing  equal  to  AC,  is  equal  to  the  fifth  Curve  ANC;  and  fo  on 
perpetually  Qj  E.  D. 

VII.  j  Ineunte  Anno  1 707,  incidi  inMethodum  qua,  iEquatione  data  Of  the  SeSion 
hujus  formae.  of  an  Angle 

by  Mr.  Abr.de 

nn—i  ««  —  9  nil— 25  __  Mome. 

n  y  -h - A  y 3  -+- - B  y  5  -f- - C y  7  See.  z=z  a,  Ne u^.p.22^. 

2x3  4x5  6x7  ... 

Vel  iftius, 

7;  y  Hf- 


Vol.  VI. 


K 


66 


The  SeSHon 

nn—i  nn—g  nn  —  25 

« jH - Ay3  HI - By  5  “1 - Cj  Stc.zsa 


9 

* 


2X3 

Vel  iftius, 


4x5 


6x7 


1 — nn  9  —  o  * 

8«+ - A  7  *  4- - By  *4 - C3/7  &c.  =  a; 

2x3  4X5  '  6x7 

ubi  quantitates  A,  B,  C,  &c.  repraefentant  Coefficients  Termino¬ 
rum  praecedentium.  Radices  determinavi  ad  hunc  modum. 

Pofito  a-t-*Saa-fri'=v  in  primo  cafu. 


a  a  —  1  =  ‘yin  fecundo. 


1  n  2 

Eric  y  ^ _ y'  v - in  primo  cafu. 

2  ” 

</  V 

I 


*v  1 


I  »  2 


y  ==  —  v'  V  “f” 

2 


in  fecundo. 


n 


V 


Solutiones  autem  iftas  infertae  fuerunt  in  Philol.  Tranf.  Num.  309, 

pro  Jan .  Feb .  JVfetf.  ejufdem  anni. 

Jam  quibus  perfpeclum  erit  quo  artificio  Formulae  iftae  inventae 
fuerint,  his  procul  dubio  patebit  aditus  ad  demonftrationem  fequen- 
tis  Theorematis. 

Sit  x  Sinus  Verfus  Arcus  cujudibet. 
i  Sinus  Verfus  Arcus  alterius, 
i  Radius  Circuli. 

t  '  till-  yj  w  y  >  » 

o  .  ^ 

Sitque  Arcus  prior  ad  pofteriorem  ut  1  ad  7/,  T uifc,  aflumptis  o\r 
nis  Aequationibus  quas  cognatas  appellare  licet, 

'  n  xn  » 

I  — 22  +  Z  zz: - 22j 

I  -  2Z+Zz,  = -  2  Z.X. 

Expun&oque  z,->  orietur  Aquatio  qua  Relatio  inter  x  &  t  de¬ 
terminatur. 

Coroll.  1.]  Si  Arcus  pofterior  fit  Semicircumferentia,  iEquatiorfcs 
erunt 

-  .T  o  / 

*  Vide  Au&oris  Mifcellanea  Analytics,  nuper  in  Lucem  edita,  a  Pag,  13, 


of  an  Angle .  67 

ft 

I  +  £  =  O 

I  - 2  ^  +  ^2,  =  —  2  ZA'. 

c  quibus  fi  expungatur  2,  orietur  Aquatio  qua  determinantur  Sinus 
Verfi  Arcuum  qui  Tint  ad  Semicircumferentiam,  femel,  ter,  quin 
quies,  &c.  fumptam,  ut  i  ad  n. 

Coroll.  2.]  Si  Arcus  pofterior  fit  Circumferentia,  /Equations 
erunt 

n 

I  - 2  =  O 

I  - 22+Z2= —  2  ZX\ 

e  quibus  fi  expungatur  2,  orietur  Aequatio  qua  determinantur  Sinus 
Verfi  Arcuum  qui  fmt  ad  Circumferentiam,  femel,  bis,  ter,  qua¬ 
ter,  &c.  fumptam,  ut  i  ad  n. 

Coroll .  3.]  Si  Arcus  pofterior  fit  60  Graduum,  Aquationes 
erunt 

n  2  0 

~  I  - %  +2  =  O 

I  - 2  2  +  22  = - 2  ZX‘, 

e  quibus  fi  expungatur  orietur  Aquatio  qua  determinantur  Sinus 

Verfi  Arcuum  qui  fmt  ad  Arcum  60  Graduum, 

> . 

Per  V5]  h,  i?.*  29  &c-  }  multiplicatum 

ut  1  ad  0. 

Si  Arcus  pofterior  fit  120  Graduum,  Aquationes  erunt 

n  z  n 

1+2+2  =0 
I  -  2  2  +  22= -  2  ZX; 

e  quibus  fi  expungatur  2,  orietur  Aquatio  qua  determinantur  Sinus 
Verfi  Arcuum  qui  fint  ad  Arcum  120  Graduum, 

per  3’  jj’  ^  multiplicatum 

ut  1  ad 

VIII.  Def  L]  Flores  Geometricos  generarim  appello  quaflibet  fi  -  A  Colkaionof 
guras  curva  quadam  per  aliquot  foliorum,  fefe  ab  uno  centro  ex-  cffometrical 
pandentium,  penmetrum  recurrente  circumlcriptas,  quales  exhibent  Guido  Grand. 
Fig .5,  6,  7,  8,  9;  quos  quidem  flores,  pro  numero  foliorum,  bi-  N°378/>.355. 
folios,  trifolios,  tetrafolios,  pentafolios,  hexafolios,  &c.  licebit  nun¬ 
cupare, 

K  2  Def. 


Geometrical 


Fig.  9,  10. 


Fig.  10,  ii. 


Def.  II.]  Cum  porro  innumeris  modis  ejufmodi  flores  generari 
po  flint,  eam  genefim  hic  fpeciatim  confideramus,  quae  per  ramos  a 
centro  floris  prodeuntes,  aequales  vero  finubus  angulorum,  iis  an¬ 
gulis,  quos  cum  data  pofitione  linea  rami  comprehendunt,  in  data 
aliqua  ratione  proportionalium,  procedit:  cujufmodi  curvas  Rho- 
doneas  dudum  appellavimus,  eamque  proportionem  Rhodonea  cuili¬ 
bet  propriam  dicimus. 

Def.  III. ]  Rhodoneam  fmplicem  appellamus,  quas  una  circulatione 
perficitur,  duplicem  quae  duplici,  triplicem  quas  triplici,  &c  fi c  deinceps 
pro  numero  circulationum. 

Itaque  ad  Rhodonearum  defcriptionem  afiumpto  quolibet  circulo, 
cujus  centrum  C,  &  du&o  ubilibet  radio  C  D  ad  radium  pofitione 
datum  C  A  utcunque  inclinato,  fit  angulus  A  C  D  ad  angulum 
A  C  G  (five  arcus  A  D  ad  arcum  A  G)  in  data  ratione  a  ad  b9 
ductoque  finu  G  H,  fiat  CI  aequalis  GH;  erit  pundlum  I  ad  Rho¬ 
doneam  fupra  definitam. 

Ejufmodi  Rhodonearum  proprietates  praecipuas  enucleabimus, 
nec  non  fpatia,  &  perimetros  breviter  dimetiemur  fequentibus  pro- 
pofitionibus. 

Prop.  I.]  Si  fuerit  arcus  E  A  ad  quadrantem  A  F  (five  angulus 
E  C  A  ad  replum )  at  a  ad  b,  erit  E  C  unus  e  maximis  ramis  Rho¬ 
do  nece ,  five  erit  E  a  fex  unius  ex  ejus  foliis. 

Nam  ex  defcriptione  patet,  ponendum  effe  ramum  C  E  aequalem 
F  C  flnui  quadrantis  A  F,  qui  omnium  finuum  eft  maximus. 

Prop.  II.]  Ffuodlibet  felium  Rhodonece  circa  axem  C  E  hinc  inde 
ecquali ,  uniformi ,  (A  fiimxli  expanfione  fpargitur. 

Fadtis  enim  hinc  inde  aequalibus  angulis  E  C  M,  E  C  D,  ob  ar¬ 
cus  mquales  interceptos  E  M,  E  D,  fi  fuerit  arcus  AM  ad  AN, 
ut  A  E  ad  A  F,  ut  AD  ad  A  G,  nempe  in  data  ratione  a  ad  b9 
etiam  refidua  E  M,  F  N,  itemque  E  D,  F  G  in  eadem  ratione  e- 
runt,  a  deoque  cum  antecedentia  EM,  ED  aequalia  lint,  etiam, 
confequentia  F  N,  F  G  invicem  aequabuntur,  uti  &  refidua  ad  qua¬ 
drantes  N  K,  G  A,  quorum  finubus  cum  aequari  debeant  rami 
Rhodoneas  C  L,  C  I,  &  ipfi  aequales  erunt ;  quare  ab  axe  C  E  hinc 
inde  aequali,  &:  uniformi  expanfione  fpargitur  quodlibet  folium. 
Rhodoneae,  Quod  erat,  &c. 

Cor  oil.  1.]  Ob  aequales  arcus  EM,  E  D  fit  A  E  medius  Arith¬ 
meticus  inter  A  M,  A  D,  qui  intercipiunt  aequales  ramos  Rhodoneae; 
•ideoque  horum  fumma  illius  duplum  adaequat,  five  aequatur  toti 
A  E  P  arcui  fedtoris  circu mferibentis  unum  Rhodoneae  folium. 

Cor  oil.  2.]  Hinc  etiam  arcus  M  P  aequatur  A  D. 

Cor  oil.  3.]  Et  eorundem  arcuum  A  M,  A  D  fumma  ad  femipe- 
ripheriam  A  N  K  elt  in  data  ratione  a  ad  quam  habet  A  E  ad 
quadrantem  A  F. 

Coroll.  4.]  Et  fedtor  A  P  C  Rhodoneae  circumfcriptus,  eft  ad 
femicirculum  in  eadem  data  ratione  a  ad  b ,  quam  habet  arcus 
'  AP, 


Flowers: 

A  P,  five  fumma  duorum  AM,  AD  ad  femipcripheriam  ANK. 

Prop.  III.]  Numerus  foliorum ,  quibus  integra  Rho  done  a  /implex 
compingitur ,  eft  ad  unitatem ,  2  b  ad  a. 

Tot  enim  folia  emergunt  ex  hac  defcriptione,  quot  fedtores  uni¬ 
cuique  folio  circumfcripti,  intra  circulum  difponi  poliunt  *,  fed  qui¬ 
libet  fedtor  eft  ad  femicirculum,  ex  Coroll.  3.  proceed.  ut  a  ad  b> 
adeoque  ad  circulum  ut  a  ad  2  £,  quare  numerus  loliorum  in  una 
circulatione  eft  ad  unitatem  ut  2  b  $d  a.  Quod  erat,  &c. 

Cor  oil.  1.]  Hinc  Rhodoneam  fimplicem  defcribere  poffumus,  qum 
datum  foliorum  numerum  m>  puta  fex,  compledtatur,  fi  nempe 

m 

pro  ratione  a  ad  b  affumatur  ratio  1  ad  —  (in  cafu  propofito  1  ad  3) 

2 

quomodo  erit  2  b  ad  a,  ut  m  ad  1  (in  propofito  ut  6  ad  1 )  adeoque 
prodibit  datus  foliorum  numerus  m . 

Cor  oil.  2  ]  Sed  &  Rhodoneam  duplicem,  triplicem,  quadruplicem, 
&c.  eadem  arte  componemus,  dato  foliorum  numero  in  fe  recur- 

771 

rentem,  fi  nimirum  pro  Rhodonea  duplici  fumatur  ratio  1  ad  — , 

4 
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exiftente  dato  numero  771  impari,  alias  prodiret  Rhodonea  fimplex 
fubduplo  foliorum  numero,  quae  in  fecunda  circulatione  fibimet  fu- 
perponeretur,  per  eadem  foliorum  veftigia  recurrens.  Pro  Rhodo- 

AvJ  -  f  :  w  *  *  i  4  J  x  .*  v  j  a  i  j  !  i  a  sj  i  4.  Ili)  h  H I  ^  1  fTt  11'*?  O  f 

m 

nea  triplici  ratio  1  ad  • — ,  dummodo  numerus  m  non  fit  per  3  di- 

6  • 

5*  llldlillitlri  •'  .  ;  ...  V  \  *  f '  - 

v Tibilis,  alias  iterum  fimplex  Rhodonea  prodiret  fubtriplo  foliorum 
numero  contenta.  Similiter  pro  quadruplici  Rhodonea  ratio  1  ad 

• 4  - 4  ’  •  -  -  '  •  «  «i  i. : '  4  t  j  ■  t )  i  \  i '  ^  *  t  r 
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—  inferviet,  dummodo  numerus  m  fit  impar,  alias  Rhodonea  fimplex, 
8 

aut  duplex,  ut  antea  oriretur  j  oportet  enim  in  prima  circulatione 
refpedtu  Rhodoneae  duplicis  haberi  integrum  aliquem  foliorum  nu¬ 
merum  cum  ^  alterius  folii,  refpedtu  triplicis  cum  ~,  vel  folii, 
refpedtu  quadruplicis  cum  vel  \  alterius  folii  atque  ita  parifor- 
miter  in  aliis. 

Prop.  IV.]  Si  ratio  a  ad  b  non  fit  numeris  effabilis ,  fed  arcus 
D  A,  G  A  fint  incommenfurabiles ,  innumera  folia  fibimet  per  infinitas 
circulationes  advoluta  circumponentur . 

Quaelibet  enim  circulatio,  prteter  certum  foliorum  integrorum  nu¬ 
merum,  partem  folii  fuo  toti  incommenfurabilem  comprehendet. 
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nec  unquim  ad  idem  pundum  deicriptio  revei  tetur,  adeo  ut  asqua- 
lio  ejdfmodi  curvas  infinitorum  fit  graduum.  Vid.  Pig.  8. 

Prop,  V.]  At  fi  ratio  a  ad  b  fuerit  dupla ,  prodibit  Rhodonea  uni - 

folia. 

Nam  ex  Prop.  4.  multitudo  foliorum  eft  ad  unitatem  ut  2  b  ad 
a  •,  fed  in  hoc  cafu  a  eft  2,  Sc  b  eft  1,  quare  multitudo  foliorum 
eft  ad  unitatem  ut  2  ad  2,  five  ut  1  ad  1  ;  adeoque  nnmerus  fo¬ 
liorum  eft  unitas.  Et  lane  arcus  E  A,  qui  fit  ad  quadrantem  AF 
ut  a  ad  b,  nempe  in- ratione  dupla,  eft  femiperipheria,  adeoque  fe- 
micirculus  eft  fedor  AFE  circumfcriptus  femifolio,  cujus  axis  EC 
ex  Prop.  T.  ideoque  integro  folio  circulus  integer  circumfcribitur. 

Coroll.  1.]  Facilis  eft  hujufmodi  Rhodoneae  unifoliae  deferiptio, 
ii  Hiper  radio  E  C  deferibatur  femicirculus,  Sc  duda  chorda  ESD, 
in  radio  CD  ponatur  C  I  aequalis  intervallo  CS  ;  nam  cum  C  S  fit 
finus  anguli  C  ES  ad  radium  CE  computatus,  ejufque  anguli  du¬ 
plus  fit  A  C  D,  erit  ramus  Cl  ad  Rhodoneam  rationis  duplae,  juxta 

genefim  praernifiam. 

°  Cor  oil.  2.]  Unde  etiam,  fi  centro  C,  quolibet  intervallo  C  S,  in 
dido  femicirculo  arcus  P  S  deferibatur,  &  tantundem  extendatur 
in  I,  ut  fmt  arcus  P  S,  S  I  aequales,  erit  pundum  I  ad  Rhodo¬ 
neam ;  quippe  CS  perpendicularis  chordae  ED  bifariam  fecat  in 
praecedenti  deferiptione  angulum  ECD-,  cumque  fit  CIVI  aequalis 
•C  S,  pundum  I  eft  in  arcu  circulari,  centro  C  per  I,  Sc  S  tranfe- 
unte,  qui  continuatus  in  P  remanet  bifariam  fedus  in  S. 

Cor  oli.  3.]  Et  hinc  patet,  hanc  Rhodoneam  duplam  efife  circuli 
fuper  diametro  E  C  deferipti,  ob  quoftibet  arcus  I  S  P  duplos  ip- 
forum  S  P,  indeque  dimidiam  circumfcripti  circuli,  cujus  diameter 
E  Ai  id,  quod  confonat  infra  generaliter  demonftrandis  Prop.  8. 

Prop.  VI.]  Ubi  ratio  a  ad  b  efi  ce  qualitatis ,  efficitur  Rhodonea  bi- 
folia,  quee  nihil  aliud  ejl ,  quam  duplex  circulus  fubduplce  diametri  ad 
diametrum  circuli ,  qui  Rho  done  ce  circumfcribitur . 

Nam  ratio  2  b  ad  a  erit  ratio  dupla,  ergo  ex  Prop,  quarta  mul¬ 
titudo  foliorum  dupla  erit  unitatis:  Sc  fane  deferipto  circa  radium 
■%.  12.  FC,  velut  diametrum,  femicirculo,  quoniam  ramus  Rhodoneae  CI 
debet  in  hoc  cafu  sequari  finui  ipfiulmet  arcus  A  D,  utique  pundum 
i  ad  peripheriam  didi  femicirculi  pertinget,  adeoque  duplex  circu¬ 
lus,  circa  radies  FC,  C  V,  velut  diametros,  deferiptus,  erit  locus 
talium  ramorum,  id  eft,  Rhodoneam  ipfam  bifoliam  conftituet. 

Coroll  1.]  Etiam  hic  conftat  Rhodoneam  bifoliam  dimidiam  efie 
circuli  circumfcripti,  atque  adeo  aequalem  unifoliae  Rhodoneae  prae¬ 
cedentis  propofitionis. 

Prop.  VII.]  Sfuodlib  et  folium  Rho  done  ce  eft  ad  quadrantem  circularem 
ut  a  ad  b. 

Dudis  enim  radiis  infinite  proximis  C  I  D,  C  i  d,  Sc  dudis  finu- 
Wg,  13,  *4.  bus  G  H,  g  h  correfpondentibus,  nempe  aequantibus  ramos  intercep¬ 
tos  C  I,  C  i ,  deferiptoque  concentrico  arcu  I  R,  patet  fore  elemen¬ 
tum 
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tum  C  I  i  femifoiii  Rhodoneas  ad  elementum  G  H  hg  quadrantis, 
ut  j  arcus  I  R  ad  H  h,  eo  quod  bafes  C  i,  g  h  trianguli  elementaris 
Cii,  &  redtanguli  elementaris  gh  HG  aequentur,  ergo  duplum 
ipfius  Cii  ad  GH  eft  ut  integra  R  I  ad  H  b,  nempe  in  ra¬ 
tione  compofita  ex  RI  ad  D  d,  &:  D^/ad  Gg,  &Ggad  II /3;  fed 
quia  Gg  ad  H  h  (ex  theoria  infinite  parvorum)  efl  ut  radius  Cgad 
finum  g  h,  nempe  ut  C  D  ad  C  I,  vel  D  d  ad  R I,  ratio  G  g  ad  H  h 
elidit  aequalem  (ibi  reciprocam  R  I  ad  D  d  ,  quare  fupereft,  ut  ra¬ 
tio  R  I  ad  H  h  eadem  fit,  qus  D  d  ad  G  g  \  fed  haec  eadem  eft 
quae  a  ad  b,  cum  in  tali  ratione  fint,  tam  A  D  ad  A  G,  quam  Ad 
ad  A  g,  adeoque  &  refidua  eandem  rationem  fervent  *,  ergo  R  I  ad 
H  h ,  five  duplum  elementare  fpatium  C  I  i  ad  elementum  quadrantis 
GH/3g,  eft  in  didta  ratione  a  ad  b ,  &  hoc  femper  *,  igitur  duplum 
femifoiii  CIE,  nempe  integrum  folium  Rhodoneae,  eft  ad  quadran¬ 
tem,  ut  a  ad  b\  Quod  erat,  &c. 

Cor  oli.  i.J  Hinc  femifolium  C  I  E  ad  quadrantem  eft  ut  -  a  ad 
b,  (five  ut  a  ad  2  b. 

Coroll.  2.]  Item  fegmentum  Rhodoneae  Cii  ad  femifegmentum 
circuli  A  gh  eft  in  eadem  ratione  a  ad  2  b. 

Prop.  VIII.]  bfuodlibet  folium  Rhodonece  medietas  eft  feftoris  cir¬ 
cularis  ftbi  circumfcripti ,  &  integra  Rhodonea  fimplex  medietas  circuli , 
duplex  duorum,  triplex  trium  circulorum,  &  c. 

Nam  ex  prcec.  quodlibet  folium  eft  ad  quadrantem  ut  a  ad  b,  i- 
deoque  ad  femicirculum  ut  a  ad  2  b\  fed  ex  Coroll.  4.  Prop.  2.  femi- 
circulus  ad  fedlorem  folio  circumfcriptum  eft  ut  b  ad  a  ;  ergo  ex 
aequo  perturbate  quodlibet  folium  eft  ad  circumfcriptum  leclorem, 
ut  b  ad  2  b,  fcilicet  in  ratione  fubdupla  ;  quare  &  omnia  folia  Rho- 
doneae  ad  omnes  circumlcriptos  fectores,  id  eft  Rhodonea  fimplex 
ad  circulum,  duplex  ad  duos  circulos,  triplex  ad  tres,  &c.  in  eadem 
fubdupla  ratione  erit. 

Aliter.  Numerus  foliorum  ex  Prop.  3,  eft  ad  unitatem,  ideoque 
Rhodonea  ipfa  ad  unum  folium  (fi  eft  fimplex)  ut  2  b  ad  a  ;  fed 
folium  eft  ad  quadrantem  circuli,  ex  prcec.  ut  a  ad  b,  ergo  Rho¬ 
donea  fimplex  eft  ad  quadrantem  circuli  ut  2  b  ad  b,  fcilicet  in  ra¬ 
tione  dupla  *,  quare  fimplex  Rhodonea  aequatur  femicirculo.  Similis 
dilcurfus  Rhodoneis  duplicibus,  Sc  triplicibus  applicari  poteft  ;  nam 
in  illis  numerus  foliorum  eft  ad  unitatem  ut  4  b  ad  a,  in  his  vero 
ut  6  b  ad  a,  &c. 

Coroll.  1.]  Quaelibet  Rhodonea  fimplex  cuilibet  firnplici  Rho- 
donese  eidem  circulo  inferiptae  aequalis  eft,  quocunque  foliorum  nu¬ 
mero  conftet,  femper  enim  aequalis  eft  fpatio  ejufdem  femicirculi. 

Coroll.  2.]  Item  quaelibet  Rhodonea  duplex  cuilibet  duplici,  & 
quaelibet  triplex  cuivis  triplici  requalis  eft,  ob  eandem  rationem  ; 
quippe  illa  fpecies  eft  femper  circulo  aequalis,  haec  fcfquicirculo  > 

&  fic  de  aliis.  Oportet  autem  in  duplici,  aut  triplici  Rhodonea 

com- 
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computare  fpatia,  foliorum,  quas  fibi  fuperponuntur,  tanquam  di- 

ftincta  eflfent.  . 

Prop.  IX.]  Bifariam  fetto  angulo  E  C  A,  quem  am  folii  Rho  done  a 

cum  tangente  C  A  continet ,  'per  re  El  am  C  D,  ramo  C  I  defctipto 
arcu  circulari  1ST,  erit  lunula  T  E  I  quadrabitis ,  nempe  ad  qua¬ 
dratum  radii ,  ut  a  ad  4  b.  . 

Cum  fit  enim  quadrans  F  A  ad  A  E,  ut  A  G  ad  AD,  qui  eft 
F/V.  iv  ipfius  A  E  fe miliis,  erit  A  G  medietas  quadrantis,  ergo  quadratum 
radii  C  G,  vel  C  D,  duplum  eft  quadrati  firms  G  H,  five  rami  C  I ; 
i  deoque  fedlor  S  C  I  ad  fe&orem  E  C  D  fimilem,  ut  1  ad  2  ;  fe&or 
vero  E  C  D  ad  F  C  G  eft  ut  a  ad  b  *,  haec  enim  eft  ratio  arcuum 
E  D,  G  F,  ut  eadem  eft  integrorum  EA,  F  A,  &  ablatorum 
A  D,  A  G  ;  ergo  ex  aequo  fector  S  C  I  ad  fedtorem  F  C  G  erit  ut 
a  ad '  2  b,  nempe  ut  femifolium  CIE  ad  quadrantem  F  G  A  C,  vel 
ut  feo-mentum  Rhodoneae  C  I  ad  fegmentum  A  G  H,  vel  ut  refiduum 
C  E  fc  ad  refiduum  F  G  H  C,  quare  etiam  reliquum  femifolii  SEI 
eft  ad  reliquum  triangulum  C  H  G,  aut  tota  lunula  ad  quadratum 
C  H  G  P,  in  eadem  ratione  a  ad  2  b,  &  ad  quadratum  radii  C  G, 
quod  praedidti  quadrati  eft  duplum,  erit  ut  a  ad  4  b.  Quod  erat,  &c. 

Cor  oil.  1.]  Cum  numerus  foliorum  Rhodoneae  fimplicis  fit  ad 
unitatem  ;  adeoque  etiam  fumma  omnium  lunularum,  quas  integra 
periphcria  radio  C  T  defcripta  abfcindit,  ad  unam  lunulam  T  E  I, 
ut  2  b  ad  a  \  ipfa  vero  lunula  ad  quadratum  radii  ut  a  ad  4  b ,  patet 
efte  fummam  didtarum  lunularum  ad  quadratum  radii  ut  2  b  ad  4  b, 
nempe  fubduplam  *,  hoc  eft  fummam  talium  lunularum  aequare  qua¬ 
dratum  ipfum  G  H  C  P  quadranti  infcriptum. 

CorolL  2.]  Unde  fumma  lunularum,  ex  una  Rhodonea  per  dic¬ 
tam  peripheriam  abfciflarum,  aequatur  fummae  lunularum  ex  quali¬ 
bet  alia  Rhodonea,  quotcunque  foliorum  fuerit,  eidem  circulo  in- 
fcripta  fimiliter  determinatarum. 

CorolL  3.]  Cum  ejufdem  fe&oris  EC  A  medietas  fit  tam  femifo-» 
Hum  EIC,  quam  fedtorECD,  vel  EDA,  nec  non  fedtor  CSV, 
hunt  feo-mentum  C  I  aequale  trilineo  E  ID,  &  femilunula  E  S  l  tri- 
lineo  CIV  aequalis,  quod  propterea  erit  pariter  quadrabile,  utpote 
ad  triangulum  C  G  H  in  data  ratione  a  ad  2  b. 

CorolL  4.]  Et  fumma  horum  trilineorum  in  qualibet  Rhodonea 
pariter  ejufdem  erit  quantitatis,  utpote  fummae  lunularum  ejufdem, 
vel  cujuicunque  alterius  Rhodoneae  fimplicis  eidem  circulo  infcriptae 
temper  aequalis. 

CorolL  5.]  Adeoque  fi  illa  triangularia  foliorum  Rhodoneae  inter- 
ftitia  pro  foliis  computentur,  flos  inde  totidem  foliorum  perfecte 
quadrabiiis  exurget,  utinFig.  16. 

Eig’  Prop.  X.  Ad  quodlibet  Rhodonece  punElum  I  tangentem  ducere . 

Fadtum  jam  fit  ♦,  dudtaque  ramo  I  C  perpendicularis  C  M,  con- 
Fig.  17,  18.  ven-at  cum  tangente  I  M  in  M  ;  &  radio  CI  arcus  I  R  infinite  par¬ 
vus 
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vus  defcribatur  ofque  ad  alium  ramum  Ci  infinite  proximum,  fin C- 
que  ramis  C  I,  Ci  squales  finus  G  H,  gb,  &c  circuli  tangens  G  L 
occurrat  diametro  in  L.  Erit  ergo  I  C  ad  CM  ut  iR  ad  R  I, 
nempe  in  ratione  compofita  ex  i  R,  feu  g  O,  ad  O  G  (hoc  eft  g  h , 
vel  i  C,  ad  h  L)  &  O  G,  five  H  h,  ad  R  I  (quae  ex  Prop .  7.  eft 
eadem  rationi  b  ad  a)  quare  iC  ad  CM  erit  in  ratione  compofita 
ex  i  C  ad  h  L,  &  ex  b  ad  a  *,  fed  eadem  ratio  i  C  ad  CM  com¬ 
ponitur  quoque  ex  i  C  ad  h  L,  &  h  L  ad  C  M  ;  ergo  oportet  ra¬ 
tionem  h  L,  five  H  L,  ad  C  M  efife  datam,  fcilicet  eam,  quae  b  ad 

a,  ideoquefi  fiat,  ut  b  ad  a,  ita  fubtangens  circuli  H  L  ad  C  M  ra¬ 
mo  Cl  perpendicularem,  jun&a  MI  erit  tangens  Rhodones  in 
puntto  I  *,  Quod  erat  faciendum. 

Coroll.  1.]  Si  fiat  a  ad  b,  ita  C  H  ad  C  N  ramo  perpendicula¬ 
rem,  iun&a  N  I  erit  curvas  Rhodoneae  normalis  ;  nam  quia  HL 
ad  C  M  eft  ut  b  ad  a,  &  C  H  ad  C  N  ut  a  ad  b,  erit  H  L  ad 
C  M  ut  reciproce  CN  ad  CH;  &  ideo  re&angulum  M  C  N  ae¬ 
quabitur  redtangulo  L  H  C,  id  eft,  quadrato  G  H,  vel  quadrato 
rami  C  I  •,  ergo  jun&a  N  I  eft  tangenti  M  I,  feu  curvas  Rhodo  neas 
m  puncto  I,  perpendicularis. 

Coroll.  2.]  Patet,  tangentes  angulorum  CIM,  &  L  G  H,  vel 
G  C  A  femper  effe  in  data  ratione  a  ad  b. 

Prop.  XL]  Si  fiat  ut  b  ad  a ,  ita  radius  A  C  ad  C  Q^,  &  femi- 
axibus  F  C,  C  Q  defcribatur  quadrans  ellipfts  F  V  Q^,  erit  ejus  peri¬ 
meter  aqualis  perimetro  femifolii  Rhodonea  E  C I,  &  partes  partibus 
correfpondentibus.  (Vid.  Fig.  19,  20.) 

Erit  enim  ubique  etiam  G  P  ad  V  P,  vel  gp  ad  u  p  in  eadem  ra¬ 
tione,  quas  eft  AC  ad  C  Q^,  id  eft,  b  ad  a  ;  quare  &  refidua 
GO,  V  X  in  eadem  ratione  erunt.  Quod  fi  infinite  proxima  fint 
E  G,  p  g,  G  H,  g  h,  &  correfpondentes  C  I,  Ci  cum  arcu  infinite 
parvo  I  R,  quoniam  I  R  ad  FI  h,  vel  GO  ex  Prop.  7.  eft  ut  a  ad 

b,  in  qua  etiam  ratione  «tit  V  X  ad  eandem  G  O,  patet  ipfas  IR, 

V  X  «quales  fore ;  cum  ergo  &:  fint  «quales  R  i,  V  X  fob  «qua¬ 
litatem  quarumvis  C  I,  G  H,  vel  TV,  nec  non  C  i,  g  b,  tu)  pa¬ 
tet  fubtenfas  quoque  I ;,  V  u  aequales  futuras.  Singula  igitur  ele¬ 
menta,  cum  curvae  Rhodoneae  E  I  C,  tum  elliptic®  F  V  Q^ invi¬ 
cem  aequantur ;  quare  &  perimeter  femifolii  Rhodone«  erit  qua¬ 
dranti  curv«  ellipticae  aequalis,  &  duo  quaslibet  folia  perimetrum 
habebunt  integras  curvae  ellipfeos  «qualem  *,  Quod  erat,  &c. 

Coroll.  1.]  Patet,  Rhodoneam  efife  ellipfim  quandam  contrariam  ; 
nam  fi  confluentibus  in  centrum  C  pundlis  T,  t ,  ordinatae  elliptici 
quadrantis  V  T,  ut,  in  ramos  abeant  a  centro  C  diduftos,  qua¬ 
drans  ellipfis  in  femifolium  Rhodone«  contrahetur,  eadem  curv« 
longitudine  manente. 

Coroll.  2.]  Hinc  iterum  patet,  Rhodoneam  efife  medietatem  fedto- 
ris  circularis  circumfcripti  *,  eft  enim  femifolium  E  I  C  medietas  qua¬ 
drantis  elliptici  F  V  Q  C,  in  quem  expanderetur,  fi  rami  ab  eorum 
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centro  difibluti  fierent  paralleli,  &  redae  C  perpendiculares  ; 
cumque  quadrans  ellipfis  fit  ad  quadrantem  circularem,  ut  bafis  Q^C 
ad  bafim  C  A,  nempe  ut  a  ad  b,  in  qua  etiam  ratione  eft  fedor 
E  C  A  ad  eundem  quadrantem,  ex  Prop,  prima ,  patet,  ejufmodi 
fedorem  aquari  quadranti  elliptico,  ideoque  duplum  effe  infcripti 
folii  Rhodoneae. 

Cor  oli.  3.]  Infuper  colligitur,  aequales  e  fle  foliorum  perimetros  in 
Rhodoneis,  quarum  ratio  fit  reciproca,  &  radii  fu  orum  circulorum 
in  eadem  reciproca  ratione  fibi  refpondeant  *,  nam  fi  radius  C  F,  vel 
E  C  Fig.  20.  aequaretur  bafi  ellipfis  CQ^  Fig.  21.  &  viciflim  radius 
CF  illius  aequaret  bafim  CQ^ellipfis  alterius  Figura ,  patet,  ean¬ 
dem  ellipfim  F  V  utrobique  refultare  debere,  quippe  iifdem  femi- 
axibus  defcriptam,  eamque  fore  utrivis  folio  ifoperimetram,  exiften- 
te  ibi  ratione  a  ad  b ,  hic  reciproce  b  ad  a.  Exempli  caufa,  fi  ra¬ 
tio  a  ad  b  fit  fubdupla,  ut  juxta  Prop.  3.  hinc  proveniat  Rhodonea 
tetrafolia,  radio  autem  fubduplo  (adeoque  aequali  bafi  quadrantis 
ellipfis  ifoperimetrae)  viciflim  fiat  Rhodonea  juxta  rationem  duplam, 
quae  ex  Prop.  5.  unifolia  evadet,  erit  haec  ifoperimetra  uni  folio 
illius  nam  bafis  quadrantis  elliptici  huic  refpondens  bafim  habebit 
illius  radio  aequalem,  adeoque  eadem  curva  elliptica  utrivis  folio 
aequalis  offenditur. 

Cor  oil.  4.]  Si  vero  in  eodem  circulo  duae  Rhodoneae  defcribantur, 
altera  juxta  rationem  a  ad  b,  altera  juxta  reciprocam  b  ad  a,  peri¬ 
metros  fuorum  foliorum  habebunt  ipfis  rationum  antecedentibus  a , 
&  b  proportionales-,  nam  fi  primae  Rhodoneae  tertia  quaedam  Rho¬ 
donea  fimilis  defcriberetur  in  circulo,  ad  cujus  radium  prioris  radius 
effiet  ut  a  ad  b ,  effiet  perimeter  primae  ad  perimetrum  tertiae  fibi 
fimilis  in  ipfa  ratione  radiorum  a  ad  b.  Verum  perimeter  hujus 
tertiae,  ex  Cor  oli.  priced,  aequaretur  perimetro  fecundae,  utpote  re¬ 
ciproca  ratione,  &  juxta  reciprocos  radios  defcriprae ;  ergo  perimeter 
primae  ad  perimetrum  fecundae  eft  in  eadem  ratione  a  ad  b. 

Prop.  XII.]  Rhodoneam  datce  rationis  a  ad  b  minoris  in  ce  qualitatis 
ex  conica  fuperficie  fee  are. 

Fiat  ut  a  ad  b>  ita  radius  bafis  NB  ad  latus  N  C  coni  redi  NCK, 
cujus  bafis  diametro  NK  fit  perpendicularis  radius  B  F,  Fig.  21. 
qui  fit  ad  B  R  ut  b  ad  a,  &  circa  diametros  B  R,  BF  defcriban¬ 
tur  femicirculi  B  L  R,  B  S  F,  quos  fecet  quilibet  radius  B  G  in 
pundis  L,  S,  fitque  GH  diametro  NK  perpendicularis.  Si  fi.  per 
circulo  B  L  R  ereda  fu  perficies  cylindrica  intelligatur  fecare  conicam 
in  communi  fedione  CIE,  erit  haec  (in  planum  explicata)  ipfamet 
Rhodonea  propofitae  rationis.  Nam  communes  fediones  cylindricae 
illius  fuperficiei  cum  planis  triangulorum  C  B  G,  C  B  F  per  axem 
coni  C  B  tranfeuntium,  erunt  redae  L  I,  R  E  ipfi  axi  parallelae,  i- 
deoque  tam  C  I  ad  B  L,  quam  C  E  ad  B  R  erunt  ut  latus  coni 
ad  radium  bafis,  fcilicet  ut  b  ad  a  ex  conftru5lione>  five  ut  F  B  ad 
B  R,  five  SB  ad  B  L;  adeoque  CE  aequatur  B  F,  &  C  I  aequa- 


Flowers. 

tur  B  S,  five  finui  G  H.  Explicata  autem  fuperficie  conica  in 
planum  fe&orem  circularem  ipfi  aequalem,  radio  C  N  defcriptum, 
ejus  angulus  planus  N  C  G  fubtendetur  eodem  arcu  N  G,  fubten- 
dente  in  bafi  coni  angulum  NBG;  adeoque  ut  B  N  ad  N  C,  five 
ut  a  ad  £,  ita  erit  angulus  N  C  G  ad  ipfum  N  B  G,  cujus  finui 
GH,  ut  vidimus,  sequatur  ramus  C  I  folii  CIE,  cujus  maximus 
ramus  C  E  sequat  radium  B  F  circuli  bafis ;  quare  folium  ipfum  ad 
Rhodoneam  pertinet  in  data  ratione  a  ad  b  defcriptam  \  Quod  erat, 

&cc. 

Ccroll.  i.]  Cum  fit  etiam  C  E  ad  E  O,  ut  CF  ad  F  B,  ut  b  ad 
n,  ut  F  B  ad  B  R  fintque  C  E,  F  B  aequales.,  itidem  sequales  erunt 
B  R,  EO,  &  femicirculus  BLR  quarta  pars  erit  femicirculi  A  E  P 
duplum  diametrum  habentis,  five  erit  medietas  quadrantis  A  E  O 
eft  vero  (ex  noftra  Appendice  de  Fornicibus  conicis,  quam  Vivianeis 
fubjunximus  jam  inde  ab  anno  1698J  fuperficies  conica  AD  E  C  ad 
fuam  bafim  A  D  E  O,  ut  fuperficies  femifolii  C I  E  ad  fuam  ichnogra- 
phiam  B  L  R,  nempe  in  eadem  ratione  lateris  coni  ad  radium 
bafis ;  ergo  cum  ADEO  dupla  fit  B  L  R,  &  fuperficies  A  DEC 
ipfius  femifolii  CIE  dupla  erit,  ut  aliunde  fupra  demonftravimus  fe- 
dtorem  folio  circumfcriptum  illius  duplum  eflfe. 

Coroll.  2.]  Cum  oftenfum  fit  efie  angulum  A  C  I  ad  N  B  G,  uti 
&  A  C  E  ad  N  B  F,  in  data  ratione  a  ad  patet  etiam  in  eadem 
ratione  efie  angulum  reliquum  I  C  E  ad  reliquum  S  B  F,  exiftente  (ut 
probavimus)  ramo  C  Ecquali  ipfi  B  S;  Fig.  22.  unde  fi  femicirculi  CSE,  Fig.  22. 
in  arcus  concentricos,  centro  C  defcriptos,  refoluti,  arcus  quilibet 
PS,  ps  dividantur  ad  pun&a  I,  z,  ut  fit  femper  P  I  ad  P  S,  pi  ad 
ps  in  data  illa  ratione  a  ad  b ,  erunt  pundta  I,  i  fic  inventa  ad 
curvam  Rhodoneam. 

Coroll  3.]  Imo  etfi  ratio  a  ad  b  majoris  fit  inaequalitatis,  adhuc 
Rhodoneas  ope  femicirculi  defcribere  licebit  generalius  quam  in 
Coroll.  2.  Prop.  5.  fi  arcus  P  S,  p  5  producantur  ad  pundla  I,  z,  ut 
fint  P  I  ad  P  S,  pi  ad  p  s  in  data  ratione  a  ad  b.  Fadlo  enim  arcu 
E  A  R  ad  quadrantem  E  A  in  eadem  ratione,  du6toque  radio  CR, 
fiet  angulus  R  C  E  ad  A  C  E,  ut  angulus  I  C  E  ad  angulum  S  CE, 
adeoque  &  reliquus  iCR  ad  reliquum  s  C  A,  cujus  finus  sequa¬ 
tur  C  J,  five  C  z,  in  eadem  ratione  erit  a  ad  b  ;  ideoque  pundta  I, 
i  funt  ad  Rhodoneam  datas  rationis. 

Coroll.  4.]  Et  fi  arcus  illi  PS,  ps  in  femicirculo  defcripti,  tum 
dividantur  in  ratione  a  ad  £,  tum  augeantur  in  reciproca  ratione  b 
ad  zz,  curvae  interioris  longitudo  ad  longitudinem  exterioris  erit  ut 
a  ad  per  Coroll  4.  Prop,  prae  edentis. 

Scholion. ]  Verum  hasc,  pr 6  inftituto  noftro,  circa  hujufmodi  cur¬ 
vas  delibafle  fufficiat :  quanquam  alia  etiam  Rhodonearum  fympeo- 
mata  enucleare  in  promptu  efiet,  uti  &  alias  florum  fpecies  diversa 
genefi  efformatas  exhibere  facile  foret.  Unum  hoc  admonere  non 
praetermittam,  quod  ex  certa  quadam  generali  foliorum  Rhodonese 
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defcriptione  fimpliciflima  ex  circulo  derivata,  fufpicari  quis  non 
immerito  poffet  etiam  prima  naturalium  foliorum  ftamina,  qu?e  in 
floris,  aut  fruticis  femine  latent,  non  neceffirio  fimilia  effe  foliis  ip- 
fis  confpicuis,  &  jam  germinantibus,  five  adultis ficut  enim  fi  flo¬ 
rum,  &  fruticum  folia  noftras  Rhodoneas  reipfa  imitarentur,  poffet 
quis  concipere,  illorum  prima  ftamina  feminibus  cujuflibet  fpeciei 
inclufa  fimplicifTima  circulari  figura  infinite  parva  circumfcribi,  fed 
mox  peculiari  vi  cujuflibet  fingularis  fpeciei,  dum  germinant,  ita 
determinari  iuccum  nutritium,  ut  dum  in  longum  eorum  axis  ex¬ 
tenditur,  per  quafdam  undas,  five  gyros,  ipfi  origini  fui  pedunculi,  ve- 
lut  centro,  circumpofitos,  expandatur,  eofque  femper  in  determinata 
ratione,  vel  ardiores,  vel  ampliores,  quam  fi  circularis  primorum 
flaminum  figura  retinenda  effet :  quo  pofito  talis  fpecies  foliorum 
Rhodoneas,  ac  talis  numerus,  &  forma  exurgeret,  qualem  ratio  illa 
determinaret.  Ita  etiamfi  alia  lege  florum,  &  fruticum  frondes  na¬ 
tura  moliatur,  non  neceffe  eft  earum  figuram,  ulque  ad  ipfa  prima 
earundem  ftamina,  ex  quibus  germinant,  obfervari  •,  fed  illa  in  qui- 
buflibet  unius  certae,  ac  determinatae  figurae  effe  poffet,  quas  tan¬ 
tum  pro  diverfa  vi  determinante  in  iplis  expanfionem  fucci  nutri¬ 
tii,  in  fingulis  fpeciebus  varianda  foret,  juxta  diverfam  rationem, 
quae  per  ipforum  flaminum  fibras  dirigeretur.  Sed  ne  extra  chorum 
faltemus,  haec  Philofophis  innuiffe  fufficiat. 


Textus  Pappi  *  hoc  modo  Reftituendus  videtur . 
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Prop,  i.]  “  Si  duae  redae  lineae  in  duas  redas  lineas  fibi  mutuo 
44  occurrentes  vel  inter  fe  parallelas  ducantur,]  &  dentur  in  una 
44  earum  tria  p  punda  [vel  duo,  fi  reda  in  qua  funt,  parallela 
44  fuerit  alicui  ex  tribus  reliquis]  :  caetera  vero  punda  praeter  u- 
44  num  j|  tangant  redam  pofitione  datam,  etiam  hoc  quoque  tanget 
44  redam  pofitione  datam.”  Hoc  autem  de  quatuor  tantum  rec¬ 
tis  dicitur,  quarum  non  plures  quam  duae  per  idem  pundum  tran- 
feunt.  In  quolibet  vero  propofito  redarum  numero  ignoratur, 
quamvis  vera  fit,  hujufmodi  Propofitio. 

Prop .  2.]  44  Si  quotcunque  redse  occurrant  inter  fe,  nec  plures 
44  quam  duae  per  idem  pundum  ;  data  vero  fint  punda  omnia  in 
44  earum  una,  unumquodque  autem  pundum  in  alia  tangat  redam 
44  pofitione  datam-,”  vel  generalius  fic.  44  Si  quotcunque  red$  oc- 
44  currant  inter  fe,  neque  fint  plures  quam  duas  per  idem  pundum, 
44  omnia  vero  punda  in  earum  una  data  fint  reliquorum  nume- 
44  rus  erit  numerus  triangularis,  cujus  latus  exhibet  numerum  punc- 
44  torum  redam  pofitione  datam  tangentium  j  quarum  interfedio- 


*  Videfis  Pappi  praefationem,  lib.  7.  Coll.  Math.  Apollonii  de  Seftione  rationis  lib. 
duobus  a  Clariff.  Halleio  praemiflam,  pag.  vm.  Sc  xxxiv. 

f  Tria  puntta]  interfeftionum  fc.  ||  Pangant  rettam]  i.  e.  unum  punftum  tangat 
unam  aliquam  re&am  pofitione  datam,  &  aliud  tangat  aliam  pofitione  datam,  &c . 
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««  num  fi  nullas  tres  exiftant  aci  angulos  trianguli  f patii,  [nullas 
“  quatuor  ad  angulos  quadrilareri,  nullae  quinque,  &c.  i.  e.  univer- 
“  fim,  fi  nullae  harum  interfedionum  in  orbem  redeant]  unaquae- 
“  que  interfedio  reliqua  tanget  politione  datam. 

Propofetio  prima  in  decem  dividitur  cafus,  monente  ipfo  Pappo, 
quorum  ejus,  in  quo  nullae  ex  quatuor  redis  funt  inter  fe  parallelae, 
neque  redae  politione  datae  per  data  punda  tranfeunt,  demonftra- 
tionem  hic  apponemus  •,  hic  enim  Caius  inter  omnes  maxime  eft 
generalis,  tjuique  demonftratio  fecundae  propofitionis  demonftrationi 
omnino  eft  neceflaria.  Sint  igitur  quatuor  retlee  A  B,  A  D,  B  E, 
C  E.  Et  data  fint  tria  puntla  interfectionum  A,  B,  C  in  earum 
qualibet ,  reliquarum  vero  intsrfetliomm  D,  E,  F,  una  D  tangat  ree 
tam  G  K  pofitione  datam ,  alia  E  tangat  retiam  HK  pofitione  datam ; 
tanget  etiam  reliqua  F  retiam  pofitione  datam.  Ducatur  per  F  reda 
M  F  parallela  ad  A  B,  quse  occurrat  ipfis  H  K,  K  G,  CE,  in 
M,  N,  O.  Quoniam  igitur  data  efb  ratio  H  B  ad  B  C  dabitur  ei¬ 
dem  tequalis  ratio  M  F  ad  F  O,  &  quoniam  datur  ratio  A  C  ad 
AG,  dabitur  eidem  aequalis  ratio  F  O  ad  F  N  ;  quare  datur  ratio 
MF  ad  FN,  igitur  fi  jungatur  F  K,  quae  occurrat  ipfi  A  B  in  L, 
dabitur  ratio  FI  F  ad  L  G;  &  datur  H  G  pofitione  &  magni¬ 
tudine  •,  quare  pundum  L  datur,  &  datum  efb  pundum  K,  igitur 
K  L  pofitione  datur. 

Sit  igitur  H  L  ad  I.  G  in  ratione  compofita  ex  rationibus  H  B 
ad  B  C  &  A  C  ad  A  G,  &  jungatur  K  L,  erit  haec  reda  quam 
tangit  pundum  F,  hoc  eft,  fi  ducatur  quaevis  C  E,  pofitione  da¬ 
tis  occurrens  in  D,  E,  &  jungantur  A  D,  B  E  fibi  mutuo  occur¬ 
rentes  in  F  ;  reda  erit  linea  qus  per  K,  F,  L  tranfit.  Nam  per 
F  ducatur  M  F  parallela  ipfi.  A  B,  &  quoniam  ratio  M  F  ad  F  N 
compofita  eft  ex  rationibus  MFadFO&FOad  F  N,  hoc  efb,  ex 
rationibus  H  B  ad  B  C  &  A  C  ad  A  G,  ex  quibus  etiam  compo¬ 
nitur  ratio  H  F,  ad  LG  ;  erit  FI  L  ad  L  G  ut  M  F  ad  F  N,  & 
igitur  H  G  ad  M  N,  hoc  elb,  H  K  ad  M  K  ut  FI  L  ad  M  F  :  Quare 
reda  eft  linea  quae  per  K,  F,  L  tranfit,  per  14.  1  aut  32.  6 
Elem. 

Explicatio  2.  Prop.)  Obfervandum  hic  eft,  Numerum  interfec¬ 
tionum,  quae  in  una  reda  reperiuntur  in  quacunque  propofita  mul¬ 
titudine  redarum,  quarum  non  plures  quam  dumper  idem  pundum 
tranfeunt,  &  quarum  nullae  funt  inter  fe  parallela?,  unitate  minorem 
efife  ipfo  numero  redarum  :  Nam  duae  in  unico  pundo  fe  invicem 
fecant,  tertia  vero  duda  priores  in  duobus,  quarta  priores  in  tribus 
pundis  fecat,  &c.  Et  igitur  numerus  interfedionum  in  tribus  redis 
eft  unitas  binario  auda,  i.  e.  ternarius  *  numerus  eorundem  in  qua¬ 
tuor  redis  eft  ternarius  ternario  audus  *,  in  quinque  vero  redis  eft  ul¬ 
timus  praecedens  feu  fenarius  quaternario  audus,  &c.  in  infinitum  *, 
Qui  numeri,  ut  manifeftum  eft,  triangulares  funt,  quorum  cujufque 
latus  eft  numerus  interfedionum,  quae  inveniuntur  in  unaqualibec 
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Teda,i.  e.  numerus  qui  unitate  minor  eft  numero  omnium  reda¬ 
rum.  Igitur  ft  ex  hoc  numero  omnium  interfedionum  dematur  nu¬ 
merus  omnium  pundorum  datorum,  qui  idem  eft  cum  numero  in¬ 
terfedionum  in  una  quavis  reda  ;  reliquus  erit  adhuc  triangularis, 
cnjus  latus  fc.  unitate  deficit  a  latere  prioris,' quod  exhibet  nume¬ 
rum  omnium  pundorum,  &  proinde  binario  minus  eft  numero  rec¬ 
tarum  propofttarum.  Et  hic  eft  numerus  interfedionum  quas  tan¬ 
gere  redam  politione  datam  Pappus  in  hac  Propofttione  requirit, 
quarumque  ft  nulls  tres  fint  ad  angulos  trianguli  ;  [nulls  quatuor 
ad  angulos  '*  quadrilateri  &  ita  deinceps  *,]  unamquamque  interfec¬ 
tionem  reliquam  tangere  redam  pofitione  datam  affirmat.  Qua  au¬ 
tem  uncis  inclufa  funt ,  textui  neceffitate  coatli  adjecimus ,  nam  fine  iis 
propofitio  vera  non  effiet  extra  cafium  quinque  retiarum. 

Commode  vero  in  duos  cafus  dividitur  propofitio  ;  quos  etiam 
aperte  fatis  indicat  Pappus ,  qui  Hypothefin  cafus  facilioris  propoft- 
tioni  hujus  generis  univerfaliffims  fimul  &  eleganti ffimas  prsmittit. 

Cafus  i.]  Si  quot  cunque  retice  occurrant  inter  fie  nec  plure  s  quam 
duce  per  idem  puntlum  ;  data  vero  fint  puntla  omnia  in  earum  una , 
unumquo delinque  autem  puntlum  in  alia  tangat  retiam  pofitione  datam  \ 
unaqueeque  interfetlio  reliqua  tanget  retiam  pofitione  datam.  Sint  e- 
nim  quotcunque  reds,  ex.  gr.  fex  A  F,  B  G,  C  H,  D  K,  E  L, 
EA  ;  &  data  fint  omnia  punda  in  earum  una,  fc.  A,  B,  C,  D,  E  • 
omnia  vero  punda  in  alia  fc.  F,  L,  IVI,  N,  tangant  redam  pofi¬ 
tione  datam  :  unaquaeque  reliqua  interfedio  tanget  pofitione  datam. 

.  Sumatur  enim  quaevis  ex  reliquis  ex.  gr.  O,  &  quoniam  quatuor 
funt  reds  OL,  ON,  AN,  AB,  &  data  funt  tria  punda  in  una 
earum  fc.  A,  B,  E,  reliqua  vero  prster  unum  O,  viz.  ipfa  L,  N 
tangunt  redam  pofitione  datam,  tanget  etiam  O  pofitione  datam 
per  Prop.  I.  Eodem  modo  idem  de  omnibus  reliquis  offendetur. 

Cafus  2.]  Csteris  manentibus  jam  non  fint  omnia  punda  re¬ 
dam  pofitione  datam  tangentia  (quorumque  numerus  binario  minor 
eft  numero  redarum  propofitarum )  in  eadem  reda,  fed  nulla  eo¬ 
rum  in  orbem  redeant;  offendendum  eft  reliqua  omnia  tangere  rec¬ 
tam  pofitione  datam. 

Lemma  i.]  Si  quotcunque  retice  inter  fe  occurrant  neque  plure  s  quam 
duce  per  idem  puntlum ,  it  fumantur  qucevis  retiarum ,  Jit  vero  nu¬ 
merus  interfetlionum ,  qui  conficitur  fumendo  duo  puntla  in  unaquaque 
retiarum  fumptarum  ce  qualis  numero  harum  retiarum  ;  puntla  heee  in 
orbem  redibunt .  Nam  quoniam  funt  duo  punda  in  unaquaque  reda, 
erunt  ad  minimum  tria  in  duabus  redis,  &  quatuor  in  tribus  &  ita 
deinceps  ;  femper  fc.  erit  numerus  pundorum  ad  minimum  unitate 
major  numero  redarum  nifi  reda  ultima  tranfeat  per  pundum  pri¬ 
mum  .  i.  e.  nifi  reds  in  oibem  redeant,  in  quo  folo  cafu  squalis  e- 
rit  numerus  pundorum  numero  redarum. 

*  Intelliguntur  etiam  hic  figurae  quarum  latera  fe  mutuo  decuffint  Diagonalium  in- 
itar,  aeque  ac  caeterae.  ° 
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of  Pappus  reflored. 

Lemma  2.]  Si  quot  cunque  re  Cl  a  inter  fe  occurrant  neque  p lures  quam 
dues  per  idem  punClum,  fumantur  vero  queelibet  ipfarum  inter feCliones , 
quarum  numerus  numero  omnium  reClarum  cequalis  fit ;  vel  hce  inter¬ 
fectiones  omnes ,  vel  earum  aliquez ,  in  orbe?n  redibunt ,  feu  invenientur 
ad  angulos  polygoni  vel  trianguli. 

Nam  tres  interfediones  trium  redarum  funt  ad  angulos  trian¬ 
guli  ;  fi  vero  Tint  quatuor  redae,  &  fumantur  quatuor  punda,  una 
harum  necelfario  invenietur  in  unaquaque  reda  *,  quod  fi  in  una  ali¬ 
qua  ex  quatuor  redis  unum  tantum  inveniatur  pundum,  tria  reli¬ 
qua  erunt  in  tribus  reliquis  redis,  &  igitur  ad  angulos  trianguli: 

Si  vero  nulla  fuerit  reda,  in  qua  unum  duntaxat  pundum  inve¬ 
nitur,  erunt  duo  in  unaquaque  ex  quatuor  redis,  &  funt  quatuor 
punda,  ergo  per  Lem.  1.  funt  ad  angulos  quadrilateri.  Et  mani- 
feftum  eft  fi  fuerint  quatuor  redae,  &  fumantur  plura  quam  quatuor 
punda,  multo  magis  aliqua  eorum  in  orbem  redire. 

Sint  jam  quinque  reds,  &  fumantur  quinque  interfedionum  pun¬ 
da,  &,  fi  fuerit  aliqua  ex  redis  in  qua  nullum  invenitur  pundum 
ex  hifce  quinque,  erunt  omnia  quinque  in  quatuor  reliquis  redis 
Si  vero  fuerit  aliqua  reda  in  qua  unum  duntaxat  invenitur  pun¬ 
dum,  erunt  reliqua  quatuor  punda  in  reliquis  quatuor  redis  ;  i- 
gitur  in  utroque  cafu  punda  aliqua  erunt  ad  angulos  trianguli,  vel 
quadrilateri,  per  praecedentem  cafum  :  Si  autem  nulla  fuerit  reda 
in  qua  vel  nullum  vel  unicum  invenitur  pundum,  erunt  duo  in 
unaquaque  ex  quinque  redis,  &  funt  quinque  punda,  ergo  per 
Lem.  1.  funt  ad  angulos  quinquelateri.  Eodem  prorfus*  ratiocinio 
offendetur  in  fex  redis  &  ita  in  infinitum. 

In  Fig.  28.  funt  odo  redae,  &  odo  fumuntur  punda,  quorum 
quatuor  in  orbem  redeunt. 

Demonft  ratio. Hifce  prsemiffis  Propofitio  hoc  modo  demonftratur. 

Primo  fint  quinque  red  re  Fig.  29.  AD,  AE,BF,  CG,  DH,  &r  demptis  2q. 
pundis  datis  in  una  redarum,  viz.  A,  B,  C,D,  reliqua  erunt  fex  punda 
E,  F,  G,  H,  K,  L,  in  quatuor  redis,  &  tria  horum  (nam  latus 
numeri  triangularis  6  eft  3)  quas  non  funt  ad  angulos  trianguli,  a 
tribus  fc.  redarum  propofitarum  contenti,  ex.  gr.  E,  F,  G,  tan¬ 
gant  redam  pofitione  datam  i  offendendum  eft  reliqua  tria  K,  H,  I, 
etiam  tangere  redtam  pofitione  datam. 

Quoniam  igitur  funt  quatuor  redae  A  E,  B  F,  C  G,  D  F, 
tria  interfedionum  punda  in  ipfis  fumantur,  viz.  E,  F,  G  ;  erit 
una  aliqua  harum  redarum  in  qua  neceffario  invenietur  unum  tan¬ 
tum  ex  hifce  tribus  pundis  •,  nam  fecus  erit  vel  aliqua  in  qua  nul¬ 
lum  eft  pundum,  &  proinde  erunt  tria  punda  F  tribus  reliquis 
redis,  i.  e.  ad  angulos  trianguli  contra  Hypotficfin  *,  vel  erunt  ad 
minimum  duo  punda  in  unaquaque  quatuor  redarum,  &  igitur 
quatuor  efient  ad  minimum  punda  *,  fed  funt  tantum  tria  *  quare 
neceffe  eft  efie  aliquam  redam  in  qua  unum  tantum  invenitur  punc¬ 
tum':  Sit  hxc  reda  A  E,  in  qua  fc.  eft  pundum  E,  ergo  reliqua 
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Two  Porifms 

duo  F,  G,  funt  in  reliquis  tribus  redis  B  F,  C  G,  DF;  igitur, 
quoniam  dantur  tria  punda  B,  C,  D,  reliquum  pundum  L  in  iftis 
tribus  redis,  tangit  redam  politione  datam  per  Prop .  T.  Sumatur 
nunc  G  E,  reda  fc,  ex  hifce  tribus  qum  tranfit  per  pundum  E  in 
quarta  reda,  &  omnia  punda  in  hac  reda  G  E  tangent  pofitione 
datam.  Quare,  per  cafum  primum  hujus  propolitionis,  reliqua 
punda  K,  H  tangunt  redam  polbione  datam. 

Sint  jam  fex  red^e  A  E,  A  F,  B  G,  C  H,  DK,  EL;  &  demp¬ 
tis  quinque  datis  pundis  A,  B,  C,  D,  E,  quas  funt  in  una  redarum, 
reliqua  erunt  decem  punda  F,  G,  H,  K,  L,  M,  N,  O,  P,  in 
quinque  redis  •,  &  ex  Hypothefi  quatuor  horum,  quae  non  in  or¬ 
bem  redeunt,  tangunt  redam  pofitione  datam  ;  fint  hae,  F,  G, 
H,  K  ;  &  oftendendum  eft  reliqua  fex  L,  M,  N,  O,  P,  tangere 
redam  pofitione  datam. 

Quoniam  igitur  fumuntur  quatuor  punda  interfedionum  F,  G, 
H,  K,  in  quinque  redis  A  F,  B  G,  C  H,  D  K,  E  L  ;  erit  una 
aliqua  reda  in  qua  unum  tantum  ex  hifce  pundis  reperitur  ;  nam 
(ecus  erit  vel  aliqua  in  qua  nullum  eft  pundum  ,  &c  proinde  qua¬ 
tuor  punda  erunt  in  quatuor  reliquis  redis,  &  igitur  aliqua  eorum 
in  orbem  redibunt  per  Lem.  2.  contra  hypothefin  :  vel  erunt  duo 
ad  minimum  punda  in  unaquaque  quinque  redarum,  &  ita  effent 
quinque  ad  minimum  punda  *,  fed  funt  tantum  quatuor,  quare  ne¬ 
edle  eft  die  aliquam  redam  in  qua  unum  tantum  invenitur  punc¬ 
tum  •,  fit  hasc  A  F  in  qua  fc.  eft  pundum  F  ;  ergo  reliqua  tria 
G,  H,  K  funt  in  reliquis  quatuor  redis  B  G,  C  FI,  D  K,  E  L, 
&  dantur  punda  B,  C,  D,  E  *,  ergo  per  primam  partem  hujus 
demonftrationis  reliqua  tria  punda  in  his  quatuor  redis,  fc.  L,  P, 
Q^,  tangunt  redam  pofitione  datam.  Sumatur  nunc  B  F,  reda 
fc.  ex  hifce  quatuor,  quas  tranfit  per  pundum  F  in  quinta  reda ; 
&  omnia  punda  in  hac  reda  B  F  tangent  reda  pofitione  datam  : 
Quare  per  Cafl  1.  hujus  Propofitionis  reliqua  punda  M,  N,  O 
tangunt  redam  pofitione  datam.  Eodem  prorfus  modo  demonftra- 
bitur  Propofitio  in  feptem,  odo,  &c.  redis  in  infinitum,  ut  pa¬ 
tet. 

Quod  autem  conditio  uncis  inclufa  in  hac  propofitione  omnino 
fit  neceftaria,  patet  in  his  duobus  exemplis  i  idem  vero  univerfa- 
I iter  praecedentium  ope  demonftrari  poteft. 

His  adjecit  ClariJJimus  Profeffor  Porifmata  duo  fequentia  primi  Li¬ 
bri  P  or  if  matum  Euclidis  a  fe  quoque  explicata  &  emendata  *. 

Porifma  1.]  Si  a  duobus  punFlis  datis  in  fle  Flantur  duce  redice  ad 
re  Ft  am  pofitione  datam ,  abfeindat  autem  earum  una  a  redla  pofitione 
.data  fegmentum  dato  in  ed  punFto  adjacens ,  auferet  etiam  altera  ab  alia 
re  Ft  a  fegmentum  datam  habens  rationem. 

Sint  enim  duo  punda  data  D,  C,  a  quibus  ad  pofitione  datam 
A  B  infledantur  D  B,  C  B  j  quarum  una  D  B  abfeindat  a  pofitione 

data 


*  Vide pag.  xxxv. 
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data  E  F  fegmentum  K  M  adjacens  dato  pundto  M  :  Oftendendum 
elt  alteram  C  B  auferre  ab  alia  quadam  redta  fegmentum  datam 
habens  rationem  ad  ipfum  KM. 

Jun&a  C  D  occurrat  pofmone  datis  A  B,  E  F  in  A,  r  punctis, 
qu®  proinde  data  erunt.  A  pundto  K,  in  quo  inflexa  B  D  occurrit 
ipfl  E  F,  ducatur  K  H  parallela  ad  AD,  &  occurrens  alteri  in- 
flex®  B’C  in  H,  ipfl  vero  BA  in  N.  Quoniam  igicur  dantur 
pundta  A,  D,  C,  dabitur  ratio  AD  ad  D  C,  &  igitur  ratio  NK 
ad  K  H  •,  quare  fl  jungatur  EH  occurrens  ipfl  AD  in  G,  dabitur 
ratio  A  F  ad  F  G  ;  fed  datur  A  F,  quare  &  F  G  datur,  & 
pundtum  G  ;  &  datum  eft  E,  quare  E  G  pofttione  &  magnitu¬ 
dine  datur;  &  datur  E  F,  quare  ratio  EF  ad  EG  datur;  & 
dudta  M  O  per  datum  pundtum  M  parallella  ipfl  A  D,  &  occur¬ 
rens  E  G  in  O,  dabitur  M  O  pofltione,  &  ideo  pundtum  O  ;  & 
propter  parallelas  M  O,  f  G,  K  H  eft  IVI  K  ad  O  H,  ut  E  F  ad 
E  G,  quae  funt  in  data  ratione.  Igitur  redta  B  C  aufert  a  redta 
E  g' pofltione  data,  fegmentum  OH  dato  pundto  O  adjacens,  in 

data  ratione  ad  fegmentum  M  K.  gh.  E.  D. 

Componetur  vero  ita,  fiat  A  F  ad  F  G  ut  A  D  ad  D  C,  & 
jundta  E  G,  per  M  ducatur  M  O  parallela  ad  AD;  oftendendum 
eft,  fla  pundtis  D,  C  infledtantur  ad  A  B  quaevis  DB,  C  B  abfc  in¬ 
dentes  ex  ipfis  E  F,  E  G,  fegmenta  M  K,  O  H  pundtis  M,  O 
adjacentia,  fore  ipfa  in  data  ratione  E  F  ad  E  G,  feu,  quod  idem 
eft,  e  fle  jundtam  H  K  parallelam  ipfl  A  D  ;  hoc  vero  videtur  o- 
miflum  fuifle  ab  Euclide ,  utpote  quod  tribus  verbis  indiredte  de- 
monftrari  poflit ;  Pappus  autem  in  Lem.  i°.  ad  Porifmata,  duas 
diredtas  ejufdem  demonftrationes  aftert,  quarum  fecundam,  quae  pau¬ 
lulum  eft  corrupta  apud  Commandinum ,  hic  fu bj ungemus  integritati 
fuae  reftitutam. 

Vid.  Pap.  Lih  7-fol.  239.  pag. prior. 


Per  Compofitam  vero  proportionem  hoc  patio. 

Quoniam  eft  ut  A  F  ad  F  G  ita  A  D  ad  D  C  {Vid.  Fig.  Papp. 
F0/T238.  pag.pofi.  vel  Fig.  noftr.  31.J  convertendo  erit  ut  G  F  ad 
F  A  ita  C  D  ad  D  A,  &  componendo,  permutandoque  &c  conver¬ 
tendo  ut  A  D  ad  D  F  ita  A  C  ad  C  G.  Sed  proportio  A  D  ad 
D  F  compofita  eft  ex  proportione  A  B  ad  B  E,  [&  E  K  ad  K  F, 
Sc  proportio  AC  ad  C  G  compofita  eft  ex  proportione  A  B  ad 
B  E]  &  proportione  E  H  ad  H  G.  Proportio  igitur  compofita  ex 
AB  ad  BE&EKad  KF  eadem  eft,  quae  componitur  ex  A  B 
ad  BE  &  E  H  ad  H  G.  Communis  auferatur  ratio  AB  ad  B  E, 
reliqua  igitur  E  K  ad  KF  eadem  eft  quae  EH  ad  HG;  quaie 
H  K  ipfl  A  G  parallela  eft. 

Porifma  2.]  Quod  puntium  illud  tangit  retiam  pofitions  datam . 

Vol.  VI.  M 
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'Trinomial  Hyperbolical 

Si  a  duobus  pundis  datis  C,  G  {Fig.  32.;  ducantur  duse  redas 
CB,  GD  occurrentes  duabus  redis  pofitione  datis  AB,  ED,  lit- 
que  reda  DB  punda  interfedionum  jungens  parallela  ipfi  C  G, 
qui  per  datum  pundum  ducitur,  interfedio  K  dudarum  tanget 
redam  pofitione  datam. 

Occurrant  enim  pofitione  datas  libi  mutuo  in  H,  &  junda 
K  H  occurrat  C  G  in  F  &  B  D  in  M.  Igitur  propter  parallelas 
eft  A  E  ad  E  F  (ut  B  D  ad  DM  hoc  eft j  ut  C  G  ad  GF  ;  &: 
igitur  A  E  ad  C  G  ut  E  F  ad  G  F,  datur  itaque  ratio  EF  ad  GF, 
&  datur  EG,  quare  pundum  F,  &  datur  pundum  H,  quare  H  F, 
pofitione.  Sit  itaque  ut  A  E  ad  EF  ita  C  G  ad  G  F,  &  junda 
H  F  erit  reda  quam  tangit  pundum  K  ;  hoc  eft  duda  quavis 
G  D,  occurrens  ipfi  F  M  in  K,  erit  reda  linea  quas  per  C  K  B 
tranfit,  nam  eft  DB  ad  D  M  ut  A  C  ad  EF,  hoc  eft  ex  con- 
ftrudione  ut  CG  ad  GF,  quare  D  B  ad  C  G  (ut  DM  ad  G  F 
hoc  eft  ut)  D  K  ad  K  G,  &  igitur  eft  C  K  B  reda  linea. 

Pappus  idem  aliter  demonftrat  in  Lem.  2  quod  hoc  modo  debet 
legi:  fc.  Ducatur  per  G,  {Vid.  Fig.  Pap.  Fol.  239.  pag.  poft.  vel  Fig. 
Fig.  32.  noftr.  32.)  reda  linea  GL  parallela  DE,  &  junda  H  K  ad  L 
producatur.  Quoniam  igitur  eft  ut  A  E  ad  EF  ita  CG  ad  GF, 
&  permutando  [A  E  ad  C  G  ut  EF  ad  GF];  ut  autem  A  E  ad 
CG  ita  eft  E  H  ad  GL,  *  quod  duas  duabus  funt  parallelas.  Ut 
igitur  E  F  ad  F  G  ita  E  FI  ad  G  L,  atque  eft  E  FI  parallela  ipfi 
G  L,  ergo  reda  linea  eft  qute  per  H  K  L  F  tranfit. 

XL  The  Gene-  XI.  N.  B.  Curves  Hyperbolic  ce ,  de  quarum  quadratura  hic  agitur  ab 
Quadrature  Rrud.  /luti  or  e,  ad  unum  quafi  genus  reducuntur ,  ex  communi  qua 

^Hyperbolical  lau^ent  proprietate . '  Ad  hoc  enim  genus  refertur,  omnis  curva ,  cujus 
Curves,  by  Mr.  ordinata .  datum  efficit  re 51  angulum  cum  retia,  quee  ex  tribus  partibus 
Sam.  Klingen-  necefifario  diverfis  &  ordine  genitis  conftituitur.  Diverfas  partes  effie 
ihern.N°4i  7 .  intelliguntur,  quee  ex  diverfis  abfciffiee  poteftatibus  quomo  do  cunque  criun- 
A  45‘  tur  \  Ordine  autem  genitas  funt,  f  modo  ab  ima  ad  fummam  potefta- 
tern  eequis  gradibus  afcendant. 

Species  igitur  determinantur  ac  definiuntur  ex  gradibus  Poteftatum 
determinatis  d?  definitis . 

Primas  d?  fimpliciffimas  hujus  generis  {ad  quas  etiam  ceeterce  omnes 
ultimo  reducuntur)  Neutonus  ipfie  primus  ex  datis  Circuli  (F  Hyper¬ 
boles  areis  dimenfius  eft . 

Cotefius  deinde  plures  effie  hujus  generis  Species ,  etiam  in  infinitum 
(fecundum  ordinem  determinatum)  progredientes  detexit ,  quee  ad  eandem 
quadratures  formam  ac  priores  iftes  &  ftmpliciores  reduci  poffiint. 

Iifdem  veftigiis  infiftendo  D.  Moivrasus  Theorema  Coteftanujn  ulte¬ 
rius  promovit,  ad  inventionem  radicum  es  quatio  niun  Frinomialium ,  idque 

*  Quod  diue  duabus  funt  parallela,  fc.  A  E  ad  D  B,  &  G  L  ad  D  E,  unde  eft  A  E 
ad  D  B  ut  E  H  ad  D  H,  &  eft  D  B  ad  C  G,  (ut  D  K  ad  Ii  G,  i.  e.)  'ut  D  H  ad 
L  G  j  ergo  per  22  5.  efi  A  E  ad  C  G  ut  E  H  ad  G  L. 
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Curves  fquared  generally. 


adhibendo  arcum  circuli  determinates  magnitudinis  vice  circumferentiae 
totius.  Quo  invento  omnes  hujus  generis  Species  inter  fe  commenfura - 
biles  ejfe  fecundum  rationem  quadratures  fues  fatim  perfpexit ,  Metho¬ 
dumque  tradidit  in  exquifitis  fuis  /criptis  Mifcellaneis  nuper  editis , 
qua  perveniatur  ad  quadraturam  unius cujuslib et  formes  ex  datis  Cir¬ 
culi  &  Hyperboles  quadraturis. 

Ds.  Klingens.  in  Propofitione  fua ,  quee  fequitur ,  in  unum  collegit 
quicquid  de  quadraturis  curvarum  hujus  generis  antehac  a  prioribus  in¬ 
ventum  fuit.  Verum  tamen  ita  collegit  non  quafi  fint  varies  formes 
fub  uno  genere ,  fed  quafi  una  fit  eademque  forma  generis  ipfius.  Theo¬ 
rema  duolex  efii  quatenus  quadratura  referat  ad  aream ,  vel  citra ,  vel 
ultra  ordinatam.  Exhibetur  in  ipfis  esquationis  terminis  fine  reductions 
aut  rejlriffione.  Inflituitur  fecundum  Cotefii  doffrinam ,  ufurpando 
menfuras  Angulorum  &  Rationum  pro  areis  Circuli  &  Hyperboles. 
Traditur  fine  demonft ratione ,  utpote  cujus  veritas  facile  innotefeat  ex 
Propofitionibus  Moivraeanis. 

Propofitio.]  Quadrare  curvam ,  cujus  abfcijfa  eft  z,  iff  ordinata 
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In  circumferentia  circuli  (Hg.  33.)  centro  quovis  O  intervallo  Fig.  33. 
OR=«  deferipta  applicetur  chorda  RT  =  cui  parallelus  duca¬ 
tur  radius  O  P,  ita  quidem  ut  arcus  P  R  fit  quadrante  major  fi 
habeatur  b>  minor  vero  fi  habeatur  —  b .  Incipiendo  in  pundlo 


1  1  ir  11  m  m  iv  ivv 

R,  fumantur  ordine  tot  arcus  RR,  RR,  R  R,  RR,  RR,  iffe.  arcui 

**  1  *  #  *.  f  *  •  , 

-  .  .  -  7.  -  .  r 

/  V  s  rt  t  ,  1 

P  R  aequales,  quot  unitates  corttinet  ffadtio  — ,  &  a  pun&is 

^  n 


r  r  t 


*  II  III  IV  V 


ii  1 1  r 


R,  R,  R,  R,  R,  (ffc.  ducantur  totidem  re&ae  R  RV,  R1”’ 


iv  v  :  .>  ' '  ■  -  ' '  •  •  t  j 

R  r ,  R  r,  iffe.  radio  O  P  parallelae  &  re&ae  O  R  occurrentes  in 

I  11  III  iv  v  u  *,t 

pun&is,  r,  r,  r,  r,  r,  iffe.  Deinde  dividatur  arcus  P  R  in  tot 
partes  aequales  quot  funt  unitates  in  numero  n ,  quarum  illa  quae 
pundlo  P  adjacet  fit  P  A.  Fadto  initio  in  pun6to  A  dividatur  in¬ 
tegra  circumterentia  in  tot  partes  aequales  AB,  BC,  CD,  DE, 

M  2  iffe* 
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&c.  quot  font  unitates  in  n  *,  fumtaque  in  radio  OP,  produdto  fi 


bpits  ultra  P,  abfcifla  O  S  ™  a.  — ■  ,  jungantur  S  A,  SB,  SC,  SD, 


a 


S  E,  (£c.  ut  &  O  A,  OB,  O  C,  O  D,  O  E,  &c.  Denique  foman- 
tur  arcus  PA  a,  PB£,  PC  c,  P  D  j,  P  E^,  &c.  qui  Tint  ad  ar¬ 
cus  PA,  P  B,  PC,  PD,  PE,  fcjV.  ut»-f-r  ad  unitatem,  &  a 
pundlis  d,  b ,  r,  dy  e,  &c.  ducantur  turn  redine  aoc,  b  /3,  cy,  dJ, 
<?c,  &c.  parallelae  radio  O  P  &  occurrentes  redlas  OR  in  pundlis 
a,  /3,  7,  d',  e,  CsrV.  tum  etiam  redlae  a  1,  £2,  ^3,  c/4,  *5,  &V. 
prioribus  normales,  &  recise  Q  O,  quse  ad  R  O  ducatur  perpen¬ 
dicularis,  occurrentes  in  pundlis  1,  2,  3,  4,  5,  &V. 

His  fadlis  area  curvae  cujus  abfcifla  eft  2  &  ordinata 
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Et  area  curvas  cujus  abfcifla  eft  2  &  ordinata 
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Curves  fquared  generally . 
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DO)  —  4  (—  DSO) 

EO)  +  ^5(-ES  O) 

Off. 


Harum  arearum  prior  adjacet  abfcifiae  ad  ordinatam  terminatae, 
pofterior  vero  abfcifiae  ultra  ordinatam  produdlae.  Signa  autem 
quantitatum  has  exprefiiones  ingredientium  ita  determinantur:  1. 


11 


hi 


Redtae  Rj,  R  7*  R  7\  Off.  afficiuntur  fignis  affirmativis,  fi  a 


11 


in 


pundtis  circumferentiae  R,  R,  R,  tendunt  fecundum  diredlionem 
O  P,  negativis  vero  fi  ab  iifdem  pundlis  fecundum  diredlionem  con¬ 
trariam  PO  procedunt.  2  Moduli  rationum  a  a,  b\ 3,  c  y,  Off. 
figna  habent  affirmativa,  fi  a  pundlis  a,  b ,  f,  Off.  tendunt  fecun¬ 
dum  diredlionem  O  P,  negativa  fi  fecundum  contrariam.  3.  E 
centro  circuli  O  cadat  in  chordam  RT  normalis  O  H.  Et  moduli 
angulorum  ai,  b  2,  c  3,  Off.  fignis  gaudebunt  affirmativis  fi  a 
pundlis  a,  b,  c,  Off.  tendunt  fecundum  diredtionem  H  O,  negativis 
fi  fecundum  contrariam.  4.  Producatur  radius  P  O  donec  circum¬ 
ferentiae  denuo  occurrat  in  p,  &  anguli  S  A  O,  S  B  O,  SCO,  Off. 
ut  &  A  S  O,  B  S  O,  CSO,  Off.  fumi  debent  affirmative  fi  ex- 
iftunt  in  femicirculo  fuperiore  PR|>,  negative  fi  in  inferiore.  Et 
fecundum  has  regulas  figna  quantitatum  quibus  areae  exprimuntur 
noflrae  figurae  accommodavimus. 

XII.  Solutio.]  Curvarum ,  qua  problemati  conveniunt ,  quacunque  fuma¬ 
tur  ordinat  a9  illius  fluxio  fecunda  ab  ejufdem  fluxione  prima  divifa  put fermone 
arithmeticorum  utar)  eandem  dat  quotient  em,  fed  contrario  figno,ac  fluxio  fe¬ 
cunda ,  a  fluxione  prima  divifa  ordinata  ex  altera  principii  abfciffce  parte  ja¬ 
centis. 


XII.  The  Problem 
of  finding  Curves, 
nvbicb  beingdif- 
pefed  after  a  cer¬ 
tain  Manner  in  an 
i  n  verted S  it  v.at  i  on, 
may  cut  each  ether 
in  a  given  Angle 
Jolved. 

N°  37 2.  p.  106. 
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A  Problem  relatmg  to 

c eritis ,  &?  J  eandem  ab  eo  principio  diftantiam  *.  Hujufmodi  autem 
curves  inveniri  poffunt.  tribus  regulis . 

Prima  regula  curvam ,  qualem  problema  requirit ,  hyperbo- 

lici  d  curva  quacunque  deducit ,  habeat  ad  ce  quales  dift  antias  a  prin¬ 
cipio  fuce  abfcijfce  ordinatas  ecquales ,  /wrte  abfcijfce  pofitas . 

Efl  enim  ordinata  curvce  qucefitce ,  w/  alius  curvce  ordinatam  ha¬ 

bentis  aequalem  fegmento  ajymptoti  hyperboles  terminato  a  fpatio  hyperbo - 
lico  ce  quali  arece  curvce  primo  ajfumptcs. 

Regula  autem  fecunda  pendet  a  prima ,  £5?  curvam  problemati  fatis  facien¬ 
tem  fine  ope  [patii  hyperbolici  ex  curvis  derivat,  quee  habeant  ad  ce  quali  a 
intervalla  a  principio  fuce  abfcijfce  ordinatas  cequales,  fed  a  contrariis 
partibus  abfcijfce  pofitas. 

Et  heee  fecunda  regula  theorema  fequens  preebet,  nimirum ,  fi  aliqua  curva 
fumatur,  qua  problema  folvi  pofj it  per  regulam  prima,  &  fi  hujus  ordinat  ce 
inf  Jiunt  abfcijfce  ad  perpendiculum,  invenietur  curva  problemati  fatisfa- 
ciens ,  fi  ad  eandem  abfcijfam  conftruatur  alia  linea  curva,  ea  lege,  ut 
illius  ordinata  ex  altera  parte  abfcijfce  ubique  ecqualis  fit  aggregato 
ajfumpt  ce  line  ce  curvce  &  efufdem  ordinat  ce  \  exceffui  autem  hujus  cur¬ 
vce  pree  ordinata  fud  cequalis  fit  unaqueeque  curvce  conftruendce  ordi¬ 
nata,  quee  ex  altera  parte  abfcijfce  jacet  ;  omnes  enim  curvce  hac  ra¬ 
ptione  conftruElce  problemati  conveniunt . 

Hoc  autem  theorema  demonjlratur  propofitione  fequenti ,  quod  in  omni 
triangulo  re  EI  angulo  quadratum  ab  alterutro  latere  angulo  reElo  adja¬ 
centi  cequale  ejl  re  Ei  angulo  fub  fummd  alterius  lateris  angulo  reEio  ad¬ 
jacentis  laterifque  angulo  ei  fubtendentis ,  &  fub  differentia  eorundem 
laterum . 

Denique  tertia  derivatur  a  fecunda,  ope  prop.  9.  libri  de  quadratura 
curvarum  Neutoni. 

Scholium.]  Exemplum  generale ,  quod  exhibui,  curva  logarithmic a, 
{£  cyclois  plurimis  modis  invejligari  poffunt  his  regulis . 

Unus  ccifus  curvce  logarithmic  ce  commode  invenitur  per  regulaon  pri¬ 
mam,  affumptd  lined  reEid  loco  curvce  in  illd  regula  memor atee. 

Alter  hujus  line  ce  cafus  deducitur  ex  regula  fecunda  ope  fpecieiquinquagefii - 
mce  nonce  linearum  tertii  ordinis,  quee  omnium  curvarum  in  illd  regula  utili¬ 
um  efl  fere  fimpliciffima  preeter  parabolam  cubicam  hyperbolam  conicam. 

Cyclois  optime  invenitur  theoremate,  quod  a  regula  idd  deduci  dixi¬ 
mus. 

Exemplum  ijlud  generale  facile  invenitur  regula  tertia,  aliis  vero  regulis 
non  fine  ambagibus. 

Regulis  fecunda  &  tertia  commodiffme  inveniuntur  curvce  geometrice  ra¬ 
tionales  quee  deducuntur  etiam  atheore?nate  in  regulam  fecundam  pendente  ; 
■quandocunque  enim  curva  affumpta  tam  longitudinem  quam  ordinatam  ra¬ 
tionalem  habet,  cujufmodi  fimpliciffima  eft  parabola  femicubica ,  curvce  quo¬ 
que  inveniendee  ordinata  rationalis  erit. 

*  Scilicet,  fi  abfeifla  a  fuo  principio  in  oppofitas  partes  aequalibus  momentis  fluit. 

Denique 
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Denique  bis  regulis ,  vel  etiam  conditione  in  principio  pofita  facile 
ejl  invenire ,  an  curva  aliqua  propofita  problemati  fatisfaciet ,  &  qui¬ 
bus  pofitionibus  id  fiet :  unde  intelligi  potejl,  an  eadem  curva  diverfis 
modis  problemati  conveniat. 

Horum  brevem  explicationem  jam  apponam,  defcribendo,  ex  a- 
mici  charta,  problematis  fequentis  folutionem. 

Problema.]  Datis  duabus  lineis  retiis  AB,  CD  (in  Fig.  34.)  pa-pir 
rallelis ,  ad  ab fc  iff  am  AB  curva  EF  defcribenda  eft,  quce  talis  fit,  ut 
in  fitu  inverfo  ad  abfciffam  C  D  defcripta  feipfam  femper  interfecet  in 
angulo  quolibet  dato. 

Ad  abfciffam  C  D  defcribantur  curvae  G  H,  K  L  fimiles  &  ae¬ 
quales  curvae  E  F,  quarum  altera  huic  curvae  E  F  occurrat  in 
pun&o  quolibet,  1,  altera  vero  per  pundhum  M  tranfeat,  ut  partes 
E  M,  K  M  curvarum  E  F,  K  L  fimiles  fint  &:  aequales  ;  &  per 
pundtum  M,  quod  partes  curvs  E  F  dirimit,  quae  fe  mutuo  in- 
terfecare  debent,  ducantur  lineae  N  M  O,  n  M  o,  quae  cum  redtis 
A  B,  C  D  angulos  fub  N  O  B  &  fub  C  N  O,  item  angulos  fub 
no  A,  &  fub  o  n  D  conftituant  ei  aequales,  in  quo  curva  feipfam 
fecare  ponitur.  Ducatur  I  P  T  S  lineis  AB,  CD  parallela  •,  item 
huic  proxima  parallela  j  x  p  t  s  *,  deinde  ducatur  I  v  lineae  N  O 
parallela,  &  denique  I  w,  S  y  parallelae  lineae  n  o,  ut  angulus  fub 
Iwj  squalis  fit  angulo  fub  I  v  x.  Jam  anguli  fub  Ixw  &  fub 
Ijv,  fimul  fumpti  squales  erunt  angulo  fub  x  I  M,  ideoque  & 
angulo  fub  I  w  v  squales  ;  unde  angulus  fub  x  I  w  squalis  erit 
ei  fub  I  j  v  j  &  eodem  modo  angulus  fub  j  I  v,  ei  fub  I  x  w  s- 
qualis  invenietur  •,  adeo  ut  triangula  Ijv,  x  I  w  funt  fimilia,  & 
j  v  :  I  v  :  :  I  w  :  w  x.  Porro  pro  abfciffis  squalibus  M  P,  M  T 
fcribatur  %,  pro  ordinata  P  I,  y,  &c  —  v  pro  ordinata  T  S,  per¬ 
tinente  ad  curvs  K  L  arcum  K  M,  qui  arcui  E  M  curvs  E  F 
refpondet.  Crefcentibus  autem  abfciffis  M  P,  M  T,  &  fimul  in* 
crefcentibus  ordinatis  P  I,  T  S,  earum  fluxiones  prims  eadem 

habebunt  figna  cum  fuis  ordinatis,  fed  utrsque  fluxiones  fe- 
cunds  idem  habebunt  fignum  j  nam  fluxio  fecunda  unius  ordina- 
ts  idem .  habebit  fignum  cum  fua  ordinata,  fed  alterius  ordina- 
ts  fluxio  fecunda  fignum  habebit  a  figno  fus  ordinats  diver- 
fum;  propterea  quod  curvarum  K  M,  ME  alterius  concavitas  ver- 
fus  convexitatem  alterius  convertitur,  ut  manifeflum  eft.  His  au- 

•  • 

tem  cognitis  invenietur  j  v  :  I  v  f—  Pp)  :  :  y  :  z,  I  w  (—  T  t):  w.x 

•  •  •  «  1  •  •  ♦  • 

(—  s  y )  : :  2  :  —  v ,  Sc  y  :  z:  :z  :  —  v ,  item  —  y  v  =:  z  %  &  deni- 

•  ••••••  •  • •  • •  • 

que  pofita  2;  invariabili  —  y  v  —  y  v  o,  vel^-f-^^o,  ideo- 

•  •  •  • 

y  v  ..  ... 

que  —  =  — -  — ,  quando  y  &  y  ad  curvam  E  F,  fed  v  &  v  ad  cur- 

y 


V 


vam 
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vam  K  M  pertinent.  Idem  vero  locum  quoque  habet,  .  quando 
omnes  hae  fluxiones  ad  curvam  E  F  referuntur,  fl  abfcifla  in  oppo- 
fltas  partes  a  fuo  principio  fluere  flatuitur  ;  nam  fumpta  M  Q 
=  MP,  &  M  q  —  M  p,  dudtifque  Q^R,  q  r  ad  AB,  CD  paral¬ 
lelis,  punbta  R,  r  in  curva  E  F  pun&is  S,  s  in  curva  K  M  re- 
fpondent.  Ponendo  igitur  abfcifiam  in  contrarias  partes  a  fuo  prin¬ 
cipio  aequalibus  momentis  fluere,  Curvarum ,  qua  problemati  conve¬ 
niunt,  quacunque  fumatur  ordinata ,  illius  fluxio  fecunda  a  fluxione  pri- 
md  divifa  eandem  dat  quoti  entem,  &c.  ut  lupra.  Haec  autem  cur¬ 
varum  quaefi tarum  conditio  eft,  unde  deducuntur  regulae  fequen- 
tes  ad  problematis  folutionem. 

•  • 

„  y 

Regula  i.]  Cum  requiritur,  ut  MQ^exiftente  =  MP  fit  — pro- 

y 

•  • 

V 

portionalis - ,  quando  abfcifla  in  oppofitas  partes  a  pundlo  M 

V 

aequabiliter  fluit,  ita  ut  ejus  fluxioni  in  partibus  abfciflae,  quae  a 
contrariis  lateribus  pun&i  M  jacent,  figna  diverfa  tribuenda  fint, 


36- 


y 

ponere  licet  —  =  z  du&ae  in  quantitatem  quamcunque,  quae  ea- 

y 

dem  maneat,  &  fub  eodem  figno,  pro  eadem  magnitudine  z,  five 
illa  affirmativa  five  negativa  fit.  Defcribatur  igitur  (in  Fig.  35.) 
ad  abfciflam  N  O  curva  quaelibet  K  L,  cujus  ordinatae  angulum 
quemcunque  datum  cum  ,abfcifsa  conftituant,  &  quae  habeat  eas 
ordinatas  aequales,  &  ab  eodem  latere  abfciflae  N  O  pofitas,  quae 
aequaliter  diftant  a  pundto  M,  ut  ordinatae  P  W,  Q  X  i  deinde 

• .  *« 

y  .  v 

fiat  —  ordinatae  P  W  x  z  proportionalis,  Sc  — ordinatae  QXx z. 


Jam  (in  Fig .  3 6.)  exponatur  hyperbola  YZ  ad  afymptotos 
EA,  r@,  angulum  fab  @TA  angulo  dato  fub  NP  W  aequalem 
comprehendentes,  defcripta,  &  in  alterutra  afymptoto,  ut  r  A,  fu¬ 
matur  ad  libitum  pundtum  A,  &  ducatur  A  £  alteri  afymptoto 
F  ©  parallela,  &  parallelcgrammum  r  £  compleatur :  deinde  in 
curva  K  L  ad  abfcifiam  NO,  &  ad  punbtum  M  ordinatim  appli¬ 
cetur  Mn>  fumatur  fpatium  hyperbolicum  AS  TS,  recta  ST  a- 

fymptoto 


8g 
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fymptoto  r  ©  parallela  abfeifium,  aquale  fpatio  W  P  M  n,  &  fiat 
pcDzzirS,  eaque  ratione  deferibatur  curva  &)PO£2;  dico  PI 
curvae  quaefitae  ordinatam  efife  ut  fpatium  M  P  d>  P.  PIoc  autem 
manifeftum  eft  *  fluxio  enim  fpatii  M  ll  W  P  aequalis  eft  fluxioni 

• 

fpatii  A  ST  2,  ideoque  P  Wxz  m  fluxioni  lineae  TS  dudtse  in 
r  Ax  AH 

ST  vel  in - ;  erit  igitur  PW  xz  ut  fluxio  linece  H: 

rs 

c*  » 

•'  y 

five  lineae  P  O  per  ipfam  P  O  divifa  ;  fed  P  W  x  z  eft  ut  —  *, 

y 

•  » 

unde  erit  p  <D  x  z  ut  y,  &  neceflario  y  five  P I  ut  fpatium  M  P 
O  P.  Prima  igitur  regula  curvam ,  qualem  problema  requirit ,  ope 
fpatii  hyperbolic /,  &c.  ut  fupra. 

In  exemplum  hujus  regulae  loco  curvae  K  L  (in  Fig.  35.)  fumatur  F/g*. 
linea  retfta  lineae  NO.  parallela,  &  erit  linea  utd)(2  ea, 
quae  logarithmica  dicitur,  cui  N  O  afymptotos  eft  ;  ideoque  & 
linea  E  F  etiam  logarithmica,  per  pundtum  AI  tranfiens,  &  afymp- 
toton  habens  lineae  N  O  parallelam  *,  propterea  quod  area  M  P 
O  p  hic  erit  ut  P  d>  —  M  P’  *.  Si  vero  ordinatae  s  n  £,  /3  a  y  ducan¬ 
tur  aequaliter  diftantes  a  pundlo  M,  ordinataeque  M  P  proximae, 
erunt  s  n,  a  /3  aequales  quando  primum  nafcuntur,  quoniam  fpatia 
i  £  p  M,  M  P  y  a  tunc  aequalia  funt  ;  ex  oftenfis  autem  eft  g  y\  x  a  0 

M  P  '(n 

=  vel  M  a  %  unde  jpMu  &c  zy\  ad - - — -  ut  radius 

M  P 

ad  finum  anguli  fub  NMt.  Quoniam  igitur  P  I  femper  eft  ut 

^MPd) 

fpatium  ¥  M  P  O,  erit  P  I  ubique  ad - ut  radius  ad  fi- 

M  P 

num  anguli  fub  N  M  P  *,  &  denique  limes  ordinatarum  negativa¬ 
rum  ad  fpatium  totum  comprehenfum  a  parte  'P  lineoe  logarithmi- 
cae  co  P  n.  ab  ordinata  M  P,  &  ab  asymptote  M  O  ad  ordinatam 
M  P  applicatum  ut  radius  ad  finum  anguli  fub  N  M  P* :  eft  autem 
redtangulum  fub  Mp  &  fub  lineae  logarithmicae  w  p  12  fubtan- 
gente  ad  fpatium  praedidlum  etiam  ut  radius  ad  finum  anguli  fub 
NMp:  adeo  ut  limes  ordinatarum  negativarum  lineae  curvae  E *F 
aequalis  erit  huic  fubtangenti  i  unde  fi  P  M  retro  producatur  ad 


Vol.  VI. 


*  Vid,  Barrov.  Leflion.  Geometr.  p.  123, 

N 


ut 
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A  Problem  relating  to 

ut  Me/'  huic  fubtangenti  fit  aequalis,  &  ducatur  linea*  N  O 
parallela,  erit  illa  curvae  EF  aTymptotos;  erit  autem  curvae  hujua 
EF  fubtangens  lineae  Me/'  aequalis;  propterea  quod  M  s  —  eft  ?  y\. 
Unus  igitur  cafus  curved  logarithmic ce  commode  invenitur  -per  regulam 
primam ,  &c.  ut  fupra. 

H;sc  autem  regula  primum  oflendit  modum  quo  problema  folvi- 
tur. 

Regula  fecunda.']  Defcribatur  curva  quaecunque  x  M  /a  per  punc- 
Fig.  35’  37-  tum  M  tranfiens  in  Fig.  35.  vel  x  n  c,  m  p  /x  in  Fig.  37.  ubi  curva 
invenienda  duobus  cruribus  e  M  F,  EM  f  conflat;  ut  curvarum 
x  M  /x,  &  jc  n  c,  m  p  fx  ordinatae  ut  P y,  Q^,  qute  sequaliter  a  pun&o 
M  principio  abfciflae  diflant,  fint  aequales,  fed  a  contrariis  parti¬ 
bus  abfcilibe  pofitas,  ita  ut  mutato  abfciftas  Tigno,  ordinatte  Tignum 
etiam  mutetur. 

Fig.  38.  Exponatur  porro  (in  Fig.  38.J  hyperbola  nequilatera  a  b  cujus 

axis  tranTverTus  a  g,  conjugatus  h  q,  centrum  d,  afymptoti  dr,  ds; 
Tumatur  d  t  =  P  v,  &  ducatur  tvw  ad  hq  perpendicularis,  jundla 
d  w,  Tumatur  quoque  d  x  —  M  n,  &:  ducatur  x  y  item  redae  lineae 
Fig.  35.  hq  perpendicularis,  junda  d  y.  jam  Tit  curva  KL  (in  Fig.  35.) 

Fig.  37-  vel  K  k  L  1  (in  Fig.  37.)  talis  ut  Tpatium  l'I  M  P  W  tequale  Tit 

Tpatio  a  d  w,  Ti  curva  x /x  perpundum  M  tranTit,  aliter  aequale  Tpa- 
tio  d  a  vv  —  day;  hac  enim  ratione  curvae  K  L,  &  K  k  L  1  non 
deTinent  conditionem  habere,  quae  in  regula  priori  requiritur,  nempe 
ut  ordinatm  ad  aequales  diftantias  a  pundo  M  Tint  aequales,  &:  ab 
eadem  abTciiTae  parte  poTitae.  Nam  area  hyperbolica  adw  affir¬ 
mativa  efl,  quando  d  t  vel  P  y  efl  affirmativa,  &;  eadem  area  ne¬ 
gativa  efl,  quando  d  t  vel  P  v  negativa  efl,  quia  area  tota  hyper¬ 
bolica  ab  eadem  parte  lineae  h  q  jacet  ;  ideoque  area  curvarum 
K  L,  KkLl  ad  ordinatam  Mn  terminata  Tignum  Tuum  muta¬ 
bit,  quando  abfeiffa  M  P,  magnitudine  Tervata,  Tignum  mutat  ;  Sc 
curvae  ordinata  nec  magnitudinem  nec  Tignum  mutabit,  mutatione 
Tigni  abTciffie.  Sit  porro  ad?  =  parallelogram  mo  rH  in  hyper¬ 
bola  priori :  quo  efficietur  ut  t  w  -f-  t  v  Tit  ad  ad  ut  TS  ad  r  A 
*  ;  Ti  igitur  T  A  fiat  —  ad,  erit  tw+tv  —  r  S  P  O.  Porro 
ducantur  ordinatas  s  n  £,  a  (By  ordinatas  M  ¥  proxima  ;  deinde  in 
Fig.  35-  Fig.  35.  ubi  curva  fimplex  efl,  cum  g  y\  fit  ad  a  (B  ut  Tpatium 

M  y  £  t  ad  Tpatium  M  ^  y  a,  erit  tn  —  a  (B  ;  unde  &  earum  utra- 

que  —  M  €  —  M  a.  Ideoque  1  yj  ad - ut  radius  ad  Tinum 

M  Hr 

M  t(D? 

anguli  Tub  NM^,  &  ubique  P  I  ad - -in  eadem  ratione. 

M  Hr 

*  Vid.  Philof.  Tranfatt.  N  °  338.  prop.  4. 

In 


inverted  interfering  Curves  folved. 

In  Fig.  3J.  ubi  curva  w  ^  ^  Cl  ex  duobus  cruribus  compofita  eft.  Fig.  37. 
f  y]  eft  ad  a@  ut  fpatium  M «  £  ad  fpatium  M  ay  five  uc 
M  ad  M  ■vj/,  propterea  quod  M  s  =  eft  M  a.  Cum  igitur  ne- 
cefie  fit,  ut  s  n  x  a  &  =  fit  M  t  f,  fcilicet  ut  crura  M  F,  M  E  in 
angulo  propofito  fe  mutuo  interfecent,  erit  ratio  *  y\  ad  Mg  fubdu- 
plicata  rationis  €  yj  ad  aQ  vel  fubduplicata  rationis  M  ^  ad  M 
ideoque  grj  ad  fpatium  s  applicatum  ad  mediam  proportion¬ 

alem  inter  M  'vF>  M  ^  ut  radius  ad  finum  anguli  fub  N  M  ^  ;  & 
generatim  P  I  ad  fpatium  M  ¥  $  P  applicatum  ad  mediam  pro¬ 
portionalem  inter  M  V  &  M  in  eadem  ratione.  Eft  autem 
—  y  x  +  d  x,  &  y  x  —  dx,  &:  a  d  media  eft  proportio¬ 

nalis  inter  y  x  +  dx  &  y  x  —  dx.  Unde  utrobique  didtis  a  d,  a\ 


9r 


d  t  vel  P  v,  R  *,  erit  P  O  1/  a  a  -f-  R  R  *+*  R  ;  R  —  ~  a  x 


id  cD  a  MPd)t 

_ *,  &  P  I  ad  -  ut  radius  ad  finum  anguli  fub 

a  *  P  ci 

NMt  Regula  igitur  fecunda  pendet  a  prima ,  £5?  curvam  problema¬ 
ti  fatisf aci  entem  fine  ope  fpatii  hyperbolici ,  &c.  ut  fupra.  Nam  hic 
fine  fpatio  hyperbolico  curva  invenitur,  cujus  quadratura  problema 
lolvitur. 

Duae  autem  funt  in  hac  regula  formulae.  Formula  prior  nimirum 


P  $  —  */  a  a  +  R  R  -4-  R,  curvarum  geometrice  rationalium,  qu« 
maxime  hic  requiruntur,  inventioni  accommodatur*,  facile  enim  eft 
ita  fumere  quantitatem  indeterminatam  R,  ut  curva  qua¬ 

draturam  admittat. 


m 


Ne  cafus  magis  compofiti  memorentur,  ponatur  R  vel  P  v  =  czn , 
ut  m  Sc  n  numeri  fint  impares  vel  inter  fe  primi,  vel  eorum  alter 
unitas  :  hac  enim  ratione  curva,  cujus  ordinata  eft  P  y,  conditionem 


habebit  in  hac  regula  necefiariam,  &  erit  P*  =  V  a  a  ~\~l<  K 


r 


2  m 


m 


tn 


r 


-\-'Kz=.v'aa-\~cczn  c  z  n  —  z  n  V  c  c  -f-  a  a  z 


2  m  m 

~  +  cz~. 


—  2  m 


Si  igitur 


-  -f-  1  fit  vel  numero  -  aequalis,  vel  ejufdem  mul- 

n  n 

tiplex,  id  eft,  fi  fumatur  m— — 1,  numero  cuilibet  impari 


m 


C 


m 


—  2  m 

n  —}—  c  zn  fub  vinculo 


aequalis  *,  pars  ordinatae  z  n  \/  c  c~h  a  az  r  l 
inclufa,  ideoque  &  ordinata  tota  quadraturam  admittet  *. 

♦  Vid.inTradt.  de  quadr.  curv.  Newton,  tab.  curv.  fimplicior.  qua?  quadrari  poliunt. 

N  2  Verbi 


A  Problem  relating  to 


m 


Verbi  causa,  ponatur  —  =  — f,  c  =  i,  &:  P  $  =  z  i 

n 


V  i  +  aazi  +  z  —  3.  Unde  eritarea  M  ^  $  P 


r  4-<2tfz3|* 


a  a 


4-  iz3,  &  P  I  - - 


■  -it  32i 


2 


curvaque  quaefita  hac 


_2 

3 


„  A 

3 


*  i  3z 

requatione  comprehendetur  <3  x  PI?  —  323xPI  = - 4- - 4- 

a  5  ^  3 

4-^za.  In  hac  aequatione  cum  zl  lignum  non  mutabit, 
4  # 

mutatione  figni  abfcifise  z  ;  pro  eadem  ipfius  magnitudine  tam  ne¬ 
gativa  quam  affirmativa  P  I  eandem  habebit  magnitudinem,  &  fub 
eodem  figno  *,  unicuique  autem  magnitudini  abfciffie  z  refpondet& 
affirmativa  &  negativa  ordinata:  adeo  ut  curva  qumfita  habebit  for¬ 
mam  hic  appofitam  (in  Fig.  39.);  e  tribus  conflans  cruribus  a  b  c, 
de,  d  f  pundlis  b,  d  aequaliter  a  pundto  M  diflantibus ;  quippe  efl 

1  1 

Md  =  Mb  =  —  :  quando  enim  eft  z  =  o,  erit  P  I  £  =  —  •,  &  P  ~ 

?  -  < 


a 


a 


1 

db — . 

a  5 


Haec  autem  regulae  hujus  formula  prior  fecundum  exhibet  curvas 
quaefitas  inveniendi  modum. 


R  vel 


P 

In  formula  pofleriori,  cum  R  fit  =  j  a  x - 

a  P  $ 

F  v  ejufdem  magnitudinis  manebit,  fed  fignum  mutabit,  quando 
abfcifla  magnitudinem  fuam  figno  mutato  retinet,  fi  P  $  talis  fu- 

P  *  a 

matur,  ut  mutando  abfciffiae  fignum - *  convertatur  in  - ,  & 

a  P  $ 

a  P* 

contra  ut - convertatur  in - .  Et  haec  formula  poflerior  ter- 

P  $  a 

tlum  continet  problema  folvendi  modum. 

c  —  z 

Verbi  causa,  fit  P  $  =  a  x - ,  quando  z  ell  affirmativa,  & 

c  4"  z  erit 


inverted  interfering  Curves  folved. 

c — z  c~\~z 

erit  R  vel  P  v  eodem  tempore  =  ~  a  x - ,  quando  autem 

c  ~t~z  c  —  2 

c  -f-  z 

z.  negativa  eft,  fiet  P$=:ax - ,  &  R  vel  a  x 

c  —  z. 


c~tr  z  c  —  z  2  ac  z 

- .  Hinc  autem  R  aequalis  erit  - ,  &:  R  z  z  =p 

c — z  c~\~  z  cc — zz 

lacz^ccP.-,  ideoque  curva  x,  M  [x  linea  tertii  ordinis,  imo  fpecies 
earum  quinquagefima  nona  *,  propterea  quod  aequationis  aRR  + 
aacc—o  radices  funt  impoflibiles  *.  Linea  autem  curva  hinc 
invenienda,  fi  fiat  (in  Fig.  40)  NM  vel  MO  =zc,  logarithmica  eft,  Fig. 

c —  z. 

cui  re£hv  A  B  eft  afymptotos.  Cum  enim  P  $  fit  ~ax - ,  erit 

c  -+-£ 


ac  a  z, 

eadem  = - .  Si  igitur  (in  Fig.  41.)  in  reda  linea  qua-  «. 

c  -f-  z.  c  -f-  z. 

cunque  a  s  fumatur  a  x  =  O  M  =  r,  &  ei  ad  perpendiculum  eri¬ 
gantur  « ($,  a  ix  quarum  a  [x  fit  —  a,  &  fi  afymptotis,  at,  a\ 3  per 
pundum  [x  defcribatur  hyperbola  £  y\,  &  fumpta  nv^MP-^ 


a  c 

ducatur  vp  afymptoto  parallela;  parti  -  ordinatae  P#  re- 

c~i~z, 

fpondetarea,  quae  erit  ad  aream  x/utpv  ut  finus  anguli  fub  N  PI 

a  z. 

ad  radium,  &  alteri  parti  - ejufdem  ordinatae  refpondet  area, 

c-\-z, 

quae  erit  ad^xnv  —  x  fx  p  v  in  eadem  ratione  -f*.  Unde  P  I,  quae 

MP$^ 

eft  ad - ut  radius  ad  finum  anguli  fub  N  M  'p,  erit  =: 

a 


*  Vid.  Newton.  Enumerat,  linear,  tert.  ordin.  ad  Fig.  63. 
t  Yid.  Newton,  de  quadr.  curv,  tab.  curv.  fun'pl.  quae  cum  eirc,  &  hyperb.  compar, 
poffunt,  form.  prim. 


2 » ix  e  v 
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2  KJX  p'V 


A  Problem  relating  to 

Si  igitur  fumatur  O  v  —  O  M,  &  ducatur  rM 


fig-  35- 


- K  V» 


a 


ordinatas  P I  retro  prcdu&ae  occurrens  in  ut  fit  P  ^  =  P  M 


2  X  /X  £  V 

rrxv,  erit  %  I  = - :  ideoque  linea  MI  logarithmica,  cuiAB 

a 


afymptotos  eft,  &s-M  ordinatim  applicata,  efficiens  cum  afympto- 
to  AB  angulum  fub  ArM  verfus  contingentem  aequalem  dimidio 
anguli  fub  AON.  Alter  igitur  hujus  linea  cafus  deducitur ,  &c.  ut 
fupra. 

Magis  generatim,  fi  r  ordinatam  curvas  alicujus  denotat,  quas  in- 
ftar  curvarum  x  M  /a,  &  x  n  c,  m  p  pc  ad  abfciflam  N  O  defcripta 
ordinatas  habeat  aequales,  quas  asqualiter  diftant  a  pundlo  M,  fed  a 
contrariis  partibus  abfcifias  pofitas,  poni  poteft  ordinata  P  $  =  a  x 


r  x r-h&c.p  xh^kr-t-lrr^z&c  if* 


b^cr 


_ _ _ _  i,—  - - -  ii 

-t-cirr  ^cr*  -f~6cc.  x/ _e- g r ~t~ 6cc :\K  x  bztzk r~hl r rztz &  c. 


Kx  priori  hujus  regulae  fecundae  formula  deducitur  quoque  theo¬ 
rema,  cujus  fupra  fit  mentio,  ad  inveniendas  curvas  tam  rationales 
utile,  quod  quartus  erit  modus  problema  folvendi. 

theorema.']  Quoniam  eft  P<l»n^tf«-hKR  +  R,  &  R  =  P  v, 


R  P  v 

manifeftum  eft,  fi  —  vel  —  fit  ut  fluxio  ordinatas,  quae  abfcifias 

a  a 

a  a~h  R  R 

fuse  ad  perpendiculum  infiftat,  alicujus  curvas,  erit - ,  ut 

a 

ejufdcm  curvae  fluxio  *,  curvae  autem  hujus  ordinata  aequalis  erit 
areae  curvae  x  /x  ad  a  applicatas,  fi  angulus  fub  M  P  v  re&us  fit, 
&  cum  area  curvarum  (in  Fig.  35,  37.)  x  M  /x,  &  x  n  c,  m  p  /x  eo- 
37’  dem  figno  afficiatur,  tam  quando  abfciflfa  eft  affirmativa,  quam  quan¬ 
do  eft  eadem  negativa,  quoniam  areae  ad  diverfas  abfcifias  partes 
in  illis  diverfis  cafibus  jacent  *,  &  praeterea  cum  eifdem  abfcifias  mag¬ 
nitudinibus  areas  aequales  refpondeant,  curvae,  quales  problema  re¬ 
quirit,  inveniri  poflfunt  curvarum  ope,  quarum  ordinatae  ad  eafdem 
abfcifias  magnitudines  aequales  fint,  &  ab  eadem  abfcifiae  parte  po¬ 
fitas,  fi  modo  ordinatae  infiftunt  abfcifias  ad  perpendiculum. 

Defcripta  fit  ejufmodi  curva  n  o,  quas  tangat  abfciflam  in  pun&o 

M 


inverted  interfering  Curves  Jolved. 

M  (ut  in  Fig.  42.)  fi  evanefcat,  quando  abfcifla  eft  =  o,  fluens  ■%  42. 
quantitas  fluxioni  longitudinis  curvas  n  o  refpondens  ;  aliter,  quas 
habeat  ordinatam  primam  M  m  (ut  in  Fig .  43.)  aequalem  magmtu-  $ 
dini  fluentis  iftius  quantitatis,  quando  abfcifla  eft  =  o.  Erigantur 
ordinatae  P  p,  Qjq ;  deinde  erit  P  I  curvae  quasfitae  ordinata,  quas 
ab  altera  parte  pundti  M  jacet,  vel  ~  M  p  +  P  p,  vel  —  M  m  p 
+  P  pj  ordinata  autem  Q_R,  quae  ab  altera  parte  punfli  M  ca¬ 
dit,  vel  —  Mq  —  Qjq,  vel  Mm  q — Q^q. 

Obfervandum  autem  eft  hoc  theorema  aliquando  partem  duntaxat 
curvas  quasfitae  defcribere. 

Ex  ratione  autem,  qua  hoc  theorema  inveftigatur,  manifeftum  eft 
duo  crura  curvae  hic  defcriptae  ejufdem  lineae  efife  partes :  nimirum 
utriufque  naturam  eadem  aequatione  definiri.  Plane  autem  curvam 
in  fitu  inverfo  difpofitam  fe  interfecare  in  angulo  aequali  angulo 
fub  N  O  B  inde  manifeftum  eft,  quod  redtangulum  fub  fluxione 
p  I  &  fub  fluxione  qr.  ordinatarum  fcilicet  aequaliter  a  pundto 
M  diftantium,  se  quale  eft  quadrato  fluxionis  abfeifiae :  fi  enim  cur¬ 
vas  n  o  ordinatae  w  r,  x  t  applicentur  ordinatis  Qq,  P  p  proximas, 

&  P  x,  Qw  fint  aequales,  &  ducantur  rs  tv  abfeifiae  NO  paral¬ 
lelae,  erunt  triangula  p  t  v,  q  rs  re  61  an  gula  fimilia  &  aequalia:  in 
omni  autem  triangulo  reflangulo  quadratum  ab  alterutro  l:tere  angulo 
reflo  adjacenti  aquale  eft  reti  angulo  fub  fummd  alterius  lateris  angulo 
reflo  adjacentis  laterifque  angulo  ei  jubtendentis ,  &  fub  differentia  eo- 


a  —  2 

r  undem  laterum.  Igitur  t  v  -Px~ptH-pvxpt  —  p  v 


=  pt  +  pv  x  qr — qs:  eft  autem  ultima  ratio  P  x  ad  p  t  -4-  p  v  ea, 
quam  fluxio  abfeifiae  habet  ad  fluxionem  ordinatae  P  I  *,  &  ratio 
Px  vel  Q^w  ad  qr — qs  ea,  quam  fluxio  abfeifiae  habet  ad  or¬ 
dinatae  Q^R  fluxionem.  Unde  conftat  propofitum.  Regula  igitur 
fecunda  theorema ,  &c.  ut  fupra. 

Jam  ft  n  o  fit  circuli  circumferentia,  linea  E  F  cyclois  erit,  quan¬ 
do  angulus  fub  NOB  vel  fub  NPI  redlus  eft.  Porro  fi  curvae 
n  o  longitudo  cum  recta  conferri  poteft,  quarum  curvarum  fim- 
pliciftima  eft  parabola  femicubica,  curva  inventa  rationalis  erit. 
Speciatim  parabola  femicubica,  fi  rite  difponatur,  ejus  curvae  par¬ 
tem  dimidiam  exhibebit,  quam  in  exemplum  formulae  prioris  re¬ 
gulae  fecundae  delineavimus;  fcilicet  (in  Fig,  39.)  crus  de,  partem¬ 
que  inferiorem  b  c  cruris  a  b  c.  Reliquas  autem  illius  partes  de- 
Ecrioi  pofifunt,  fl  retro  producatur  ordinata  IP  donec  pars  product  a 
aequalis  fit  M  m  p  —  P  p,  &  producatur  R  ab  altero  abfeifiae 
latere,  donec  pars  produ&a  aequalis  fit  M  m  q -f-  Q^q. 

Nunc  tranfeundum  eft  ad  regulam  3 am ,  quae  etiam  curvas  geo¬ 
metrice  rationales  lamitur. 

O 

Regula  3.]  Regula  haec  tertia  duos  quoque  complectitur  pro¬ 


blema 
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A  Problem  relating  to 

blema  folvendi  modos  a  prioris  regulas  formulis  propofitione  nona 
tra&atus  de  quadratura  curvarum  Newtoni  derivatos. 

Propofitione  ifta  ad  formulam  regulae  praecedentis  priorem  ad¬ 
hibita  invenitur  area  curvae,  cujus  abfciffa  eft  z.,  &  ordinata 

,/  a  a 4-  K  K  -+-  R,  aequalis  areae  curvae,  cujus  abfciffa  eft  R  & 

•  • 

z.  _ _ Z.  \ 

ordinata  —  V  ^i-KH  —  R.  Hinc  autem  quinto  modo  folvi- 

R  R 

t.ur  problema. 

Verbi  causa,  ut  exemplum  generale,  quod  antea*  exhibui,  in- 


z. 

veftigetur,  pofitis  M  P  =  %,  &  P  »  =  R»  ut  prius,  fiat  — 

R 


nt~n  ™  n  n 

*  xc+iR2,  &' erit  z.=.  R  —  c+ - JR2;ftnt 

m  in  ■+•  2  n 

autem  m  &  n  numeri  impares  vel  inter  fe  primi  vel  eorum  alter 
unitas •,  ut  figna  abfciffae  z,  &  ordinatae  R  fimul  mutentur,  ficut  in 

i  • 

Z*  _ _  —  z. 

regula  priori  requiritur  •,  jam  erit  ordinata  —  i/  a  a  ~t~R  R+ — R 

R  R 


s=  R  ”  xf  +  iK1  xi/^/j  +  KK  +  R”xr +  iR:;  area 
igitur  curvae,  cujus  abfciffa  eft  z.  &  ordinata  ^/^^4-RR  +  R, 

m-- -  n 

sequalis  erit  areae  curvae,  cujus  abfciffa  eft  R  &  ordinata  R  » 

m 

x  c  -j-  n  k~  X  V  a  a- f-  R  R  -f-R"  xc-hd  R2,  fi  modo  haec  pofte- 

rior  ordinata  cum  abfcifsa  fua  angulum  contineat  aequalem  angulo 
fub  N  ;  unde  hujus  pofterions  curvae  quadratura  linea  exhibe¬ 
tur  problemati  fatisfaciens.  Erit  autem  haec  linea  curva  geometrice 
irrationalis,  nifi  m  &  n  certos  quofdam  numeros  defignant,  vel  certa 
ousedam  fit  relatio  inter  coefRcientes  r,  d ,  hae  autem  conditiones 

*  In  A£t.  E.rud.  Menf.  AjriL  1721. 

ratione 
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ratione  fequenti  inveniuntur.  Erit *  *  area  curvae,  cujus  abfcifla  R  & 

m 

ordinata  R”xr4-<iR44-R  n  x  f4-^R*  x  V  a^+RR, 

m  * n  ft  ft  m 

ad  R  x - c  4- - d  Ra  4-  R  ”  x  a  a  4-  R  R|i 

m-\-n  ?n~h^n 


A _ 

m  4-  3  n 

n 

Li  - 

m  a  a 

x - c  4- - R2  4-  &c.  ut  finus  anguli  fub 

m  a  a  m-h  2  n 

- a  a 

n 

NMf  ad  radium.  Hoc  autem  feries  terminabitur,  &  quadratu¬ 
ram  finitam  dabit,  fi  n  fit  unitas  &  m  numerus  negativus  terna¬ 
rio  major,  vel  fi  ultimus  terminorum  hic  fcriptorum  fit  nihilo  o- 

m  4~  3  n 

qualis,  id  eft,  fi  fit  d  = - r,  vel  fi  fit  d  o,  n  =  1,  &  m  =—3. 

m  a  a 

Et  hic  quidem  ultimus  cafus  curvam  exhibet,  quo  theoremate  pro¬ 
cedenti  a  parabola  femicubica  invenitur. 


Magis  generatim  ponere  licet  *—  =  R  *  x  f  4*  J  Rs 

R 

“E  e  K  4  -f-  &c . -H-/  Kf,  ubi  p  numerum  quemcunque  parem 

*  n  n  n 

denotat*,  unde  fiat  z.  =  R  ”  x  —  c~\~ - d R24- - <?R4 _ 

m  m  +  m  m  +  4  n 


4- - /R^,  &:  curvo  wO  ordinata  =  R  ”  x  c  4-dR24-£R4 

m  4-p  n 


.  .  ..  4-/R^  x  V  fl^4-RR  +  R.  Hinc  -f  fi  n  fit  unitas  &  m 
numerus  negativus  numero  p  4-  1  major,  curva  dabitur  geometrice 
rationalis,  vel  fi  certa  quodam  relatio  fit  inter  coefficientes  r,  i,  <?, 
&c . /,  quo  relatio  facile  invenitur  ut  antea. 

*  Per  prop,  quint,  quadr.  cur.  Newton.  •(■  Per  prop,  proxira.  citat. 

Vol.  VI.  O  Porro 


9s 


/ 


A  Problem  relating  to 

Porro  ad  alteram-  regules  zdcs-  formulam  adhibendo  propofitioneni 
nonam  memoratam  libri  de  quadratura  curvarum,  fextus  oritur 
problema  folvendi  modus. 

Licera  r  denotante  ut  fupra,  fieri  poteft  ordinata  P  (t>=zax 

j.  * 

b~hc  r  -f-  drr-\-i3c 

_ - ,  area  curvae,  cujus  abfcifTa'  eft  z,  &:  ordinata 

b —  cr~\~  dr  r — & c 

-  -  *  -  4 

PO,  aequalis  erit  areae  curvse,  cujus  abfeifla  eft  r  &  ordinata 


z  b~b~  c  r~i~  d  r  r  &c  z  m  n  _ _ 

a  x—x - - -•  Ponatur  igitur  —  —  r  *  x  T+  c  r 

'r  b  —  cr-\-  drr  —  &c  ^ 

-  -  ■  i _ -  ■  ..  ■  1  "  p  m  —  n  - - —  •— 

-f-  d  r  7"f-  &c  x  b  —  c  r  ~h  drr  —  &t\  —  r~  n  x  b  b  +  2  b  d —  c  c 
x  r  r  -i-  d  d  r4  -\-  Wc\P-,  &  curva,  cujus  ordinata  eft  r  conditionem 

m  ■■—"m  —  ■■  ■ 

hic  neceffariam  habebit.  Erit  enim  *,  =  r~n  x  b  b  H-  2  b  d  —  c  c 

£j?f| p A  +  Brr  +  Cr4-)-^,  cujus feriei co- 

efficientes  A,  B,  C  &c  dantur  per  propofitionem  quintam  Trac¬ 
tatus  de  Quadratura  Curvarum.  Manifeftum  autem  eft  nec  terminos 

hujus  feriei  nec  quantitatem  b  1r+--zbd—cc  xrr  +  ddr*  +& c\f  + 1 
figna  fua  mutare  mutatione  figni  quantitatis  r ;  quantitas  au¬ 


tem  r  ,  fi  m,  «numeri  fint  impares,  fignum  mutabit,  quando 
ipfa  r  fignum  mutat ;  ideoque  ordinata  r  &  abfeifla  *  figna  fimul 


mutabunt. 


z,  b  -f-  c  r  -f-  d  r  r  +  &c 

Ordinata  autem  a  x  —  x - - 

r  b  —  c  r  ■+"  d  r  r  —  &c 


erit 


a  r  'V'”  x  b  b  4-  2  b  d  —  c  c  x  r  r  -h  d  d  r  *  -b  &vj  ? 
x  b~\-cr-b-drr~h  &ci  \  Et  hinc  facile  inveniri  pofiunt- curvae- 
rationales. 

Pro  exemplo  fimplici  ponatur  pzzi  —  d ,  un¬ 

de 
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Z , 

de  eric  —  =  b  b  — .  c  c  rr>  &  z.  zzbb  r  —  jeer9.  Ordinata  au- 
r 

tem  curvas  metiendae  =:  a  b  b  -h  2  abcr-haccrr  ;  ejufdem  igi¬ 
tur  area  eft,  ad  a  b  b  r  -b*  ab  c  r  r  -h  j  ac  c  r 5,  ut  finus  anguli  fub 
NMt,  ad  radium  ;  ideoque  erit  PI  —bbr-\rbcrr  -f— j-  c  c  r 3. 

Hinc  autem  invenitur  parabolam  femicubicam  problemati  fatisfacere, 
quam  ita  deferibere  oportet.  Data  (in  Fig.  44.J  linea  redta  A  B,  &  &g-  44 
in  ea  pundlo  C,  una  cum  linea  redta  C  D  angulum  fub  BCD 
cum  linea  C  B  conftituente  squalem  angulo,  in  quo  curva  fe  in- 
terfecare  requiritur.  Ducatur  ad  libitum  H  G  I  ad  C  D  parallela, 
fumaturque  in  ea  G  H  =  2  C  G  *,  deinde  dividatur  angulus  fub  A  CD 
in  duas  partes  squales  linea  redta  C  E,  &  denique  ad  diametrum 
HI  &  verticem  H  deferibatur  parabola  femicubica  KHL,  qus 
tranfeat  per  pundtum  C,  ita  ut  C  E  ordinatim  applicetur  ad  dia- 
’  metrum  H  I.  Hsc  parabola  ad  eandem  lineam  fimiliter  applica¬ 
ta,  fed  fitu  inverfo,  fe  interfecabit  in  angulo  squali  angulo  lub 
BCD. 

Si  placet  curvas  hac  regula  inventas  theoremate  prscedente  con- 
ftruere,  ex  iis,  qus  hic  tradita  funt,  curva  huic  negotio  apta  in¬ 
veniri  poteft  •,  erit  enim  curvs  illius  ordinata  squalis  ares  curvs 
x  /jc  ad  a  applicats,  quando  angulus  fub  M  P  v  redtus  eft.  Verbi 
causa,  hujus  ares  fluxio,  nimirum  P  v  x  ^  in  exemplo  fecundo  pri- 

•  -  _  _ 

oris  partis  hujus  reguls  erit  =  R  R  x  R  ”  xH-dR*-H?R+ _ 4-/RW 

•  W  _ _ 

=  RR  ”  x  c-b-  d  R2  -E  <?  R4  ....  -hfRpj  •,  ideoque  curvs  hic  re- 

1  m^rn  n  n 

quiflts  ordinata  erit  =  —  R  n  x - c  -E - .  d  R  s 

a  m~hn  m~b  3  n 


n 


-E 


n 


e  R4  .  .  .  .  — E 


fRp. 


m  +  5  r  m-b-  f  ~b~  1  xn 

In  exemplo  pofterioris  partis  hujus  reguls  erit  R  ( =  ~  a 

2  b  c  r  -E  2  c  dr 3  -E  &c 


x 


P* 


a 


a 


. . . 


PO  bb-^-ibd — c  c  x  r  r  +  d  d  r4  -E  &V 


;  ideoque 


m 


R  xz=zrr  n  x  2  b  c  -b  2  c  d  rz  -b  &cx  bb  -E  2  b  d —  axrr  + 

ddr *  -E  fcjV/""1  ;  hsc  igitur  eft  fluxio  ordinats  curvs  qusfits. 

O  2  Si 


IOO 


ffg-  45* 


A  Problem  relating  to 

•  # 

Si  fit  rn  ~  \  ~  n  —  &  c  —  o,  erit  Rxz  —  2  b  c  r  ry  &  or¬ 

dinata  curvas  qunsfitas  —  bcrr  ;  quoniam  igitur  z  —  erit  b  b  r  — 
•Jar3,  erit  curva  quasfita  in  hoc  cafu  parabola  divergens  cum  nodo, 
quas  definitur  hac  aequatione  3  e  z  z  —y  — •  2  e  y  y  -f-  e  e  y  *.  Et 
hac  curva  defcribetur  parabola  femicubica  fupra  inventa. 

Verbi  causa,  ad  redam  lineam  (in  Fig.  45. )  A  B  ducatur  per¬ 
pendicularis  CD,  &  ad  illam  ut  axim  defcribatur  ejufmodi  parabola 
divergens  FECEG.  Deinde  ducatur  ad  libitum  HI  angulum 
quemcunque  datum  cum  reda  A  B  conftituens,  &  ducatur  HKLM 
ad  C  D  parallela  *,  deinde  fumatur  HN  =  HK4-  arc.  C  K,  H  O 
—  H  L  +  arc.  C  K  L,  &  ab  altera  parte  pundi  H,  HP—  CEM 
-HM  ;  &  curva  hac  ratione  defcripta  parabola  femicubica  erit. 

Hinc  apparet  quomodo  curvas,  quarum  inveftigationi  regula  hasc 
tertia  aptatur,  theoremate  praecedenti  conftrui  poliunt,  poftquam 
earum  formae  cognofcuntur,  fed  has  curvarum  formae,  a  quibus 
rationales  deriventur,  regula  hac  tertia  optime  inveniuntur. 

Hae  funt  tres  regulae,  quarum  fupra  fit  mentio.  Ultima  fenten- 
tia,  denique  bis  regulis ,  &c.  exemplo  fequenti  illuftrari  poteft. 

a  b  x  d-  c  x  x 

Sit  y  vel  =  ^  +  ^  +  +  2  d  x  -E  e  x2  vel  — - 9 

d~h  e  x 

quae  duae  aequationes  omnes  compleduntur  fediones  conicas.  Inde  vero 

\  9  • 

y  e  c  —  dd 

inveniemus  —  vel  —  —  '  - . .  -  ■ -  ^5 

y  d-\~e  b  Vc  +  2  dx~F  exxxc~\~2  dx~\-  e  x  x 


2cdd~i~2aee  —  2  b  d  e 


vel  = 


d~\~  e  x  x  b  d  —  a  e  d-  2  c  d  x  -f-  c  e  x  x 


z  i  quas  aequationes  o- 


ftendunt  in  nulla  fedione  conica,  quomodocunque  difponatur,  quan- 

e  *> 

y 

titatem  —  conditionem  habere,  quam  hoc  problema  requirit ;  ide- 

y 

oque  nullam  fedionem  conicam  problemati  fatisfacere.  Quod  com¬ 
probari  etiam  poteft  examinando  redangulum  fub  fluxionibus  pri¬ 
mis  ordinatarum  aequaliter  ad  diverfas  partes  a  principio  abfciflae 
diftantium. 


f  Vid,  Enumerat,  linear,  tert.  ord.  Fig.  73, 


Hinc 
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Hinc  autem  cognofcitur  nullam  lineam  curvam  geometrice  ra¬ 
tionalem  problema  folvere,  quae  parabola  femicubica  fit  fimpli- 

cior. 

Si  vero  talis  inter  quantitates  a ,  b ,  c ,  i,  e  relatio  Ita  tui  potuifiet 


ut  —  conditionem  in  hoc  problemate  necefiariam  obtineret,  nempe 

y 

ut  quantitas,  quae  in  z,  ducitur,  eadem  efie  potuifiet,  &  fub  eodem 
figno,  pro  eadem  magnitudine  tam  negativa  quam  affirmativa  ab- 


v 


fi  abfcifia  in  oppofitas 


v 


fcifiae  z.9  qno  eveniret  ut  —  foret  — 

i 

partes  a  fuo  principio,  aequajibufque  momentis  fluere  ponitur :  tum 
profedto  fe£t io  -conica  hinc  determinanda  vel  problema  folveret, 
vel  fe&ionis  problemati  fatisfacientis  ordinata  ad  ordinatam  hujus 
rationem  haberet  datam. 

Jam  vero  his  regulis  alias  aliquot,  quas  ab  amico  accepi,  ad 
problema  folvendum  adjungam. 

Regula  4.]  Iifdem  pofitis  ac  in  regula  prima,  fit  (in  Fig.  46.)  46, 

NO  ad  AB,  CD  perpendicularis  ;  fint  P I,  Q.R  ordinatae  aequa¬ 
liter  a  pundlo  M  diftantes,  &:  fit  curva  G  H  per  pundtum  I  dudta 
fimilis  &  sequalis  curvae  fEF.  Ordinatis  P  I,  Q^R  parallelas  & 
proximae  ducantur  7rj  1,  c/' r,  &  lineae  rectae  Ik,  Rs  lineae  NO 
parallelae.  Angulus  fub  sRr^eft  angulo  fub  k  1 1  ;  unde  anguli 
fub  jlk,  sRr  fimul  fumpti  aequales  funt  angulo  dato  fub j 1 1 ;  & 
quantum  angulus  fub  jlk  dimidium  anguli  fub  j  1 1  fuperat,  tan¬ 
tum  angulus  fub  s  R  r  ab  eodem  dimidio  deficit.  Si  igitur  (in  Fig. 

47.)  radio  quolibet  mn  circuli  arcus  no  defcribatur,  &  fumatur  FlS-  47  • 
angulus  fub  nm  p  =  dimidio  anguli  dati  fub  j  1 1,  angulus  fub  n  mq 
=  angulo  fub  j  I  k,  &  angulus  fub  n  m  t  =  ei  fub  s  R  r,  fedtores 
q  m  p,  p  m  t  erunt  aequales.  Pofita  autem  I  k  -  R  s  =  r,  erit  jk 
ut  tangens  anguli  fub  jlk  vel  anguli  fub  n  mq,  &  rs  erit  ut 
tangens  anguli  fub  s  R  r  vel  anguli  fub  n  m  t ;  ideoque  &  fluxio 
ordinatae  P  I  erit  ut  tangens  anguli  fub  n  m  q,  nimirum  ut  n  v ; 

&  fluxio  ordinatae  QJR  ut  tangens  anguli  fub  n  m  t,  nimirum  ut 
n  w  j  curvae  igitur  $  flt,  cujus  areae  ordinata  PI  proportionalis 
eft,  ordinata  P$  poteft  efie  aequalis  tangenti  n  v,  &  ordinata  Qy 
ab  altera  parte  pundti  M  —  n  w.  Quoniam  autem  feriores  pmq, 
p  m  t  funt  aequales,  conftitui  poteft  lector  p  mq  aequalis  areae  MflW  P 
curvae  cujufcunque  K  L  conditionem  habentis  in  regula  prima  indi¬ 
catam  *,  &  fedtor  p  m  t  sequalis  arese  M  n  X  Q  ejufdem  curvae. 
Denique  fi  ducatur  linea  re£ta  £  lineae  M  ^  parallela  &  proxima  •, 
cum  angulus  fub  sMi]=:fit  dimidio  anguli  fub  i  II,  vel  angulo 

fub 
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Fig.  4 6. 
<Fig.  43. 


-%  47- 


^  Problem  relating  to 

fub  nmz,  erunt  triangula  s  M  yj,  nmz  fimilia,  &  prima  ratio  sr, 

M^g 

ad  sM  eadem  cum  ratione  z  n  ad  nm;  ideoque  gyj  — - -> 

n  m 

£  s 

propterea  quod  g  M  —  eft - - ,  Sc  M  'vil'  =  n  z.  Hic  autem  ha- 

M  'P 

betur  feptimus  modus ,  quo  problema  folvi  poteft. 

Si  loco  curvae  KL  linea  redta  fumatur,  quicunque  fit  angulus 
fub  n  m  z  eadem  deferibetur  curva ;  adeo  ut  hac  ratione  invenitur 
una  eademque  curva,  quae  diverfis  fitibus  in  angulo  quocunque  dato 
problema  folvit.  Haec  autem  curva  a  circuli  &  hyperbolae  qua¬ 
dratura  dependet ;  fi  enim  ducantur  m  r,  n  a  ad  m  n  perpendicu¬ 
lares,  quarum  ner  =  fit  m  n,  &afymptotis  m  n ,  hit  hyperbola 
deferibatur,  &  deinde  q$U,  p«s-  ducantur  lineis  m  r,  n  a  paral¬ 
lelae  ;  quando  MP  =  ett  arcui  circuli  p  q,  erit  ordinata  PI- 

0  (p  U  7 

- —  ,  fi  m  n  =  fit  2  M  n  *. 

m  n 

Regula  5.]  Deferibatur  (in  Fig.  46.)  curva  hM/x  ut  in  regula  fe¬ 
cunda,  &  (in  Fig .  4S.)  radio  =  m  n  deferibatur  femicirculus  a  0  y, 
cujus  centrum  cA,  fit  autem  c/' C  diametro  ay  perpendicularis.  Su¬ 
matur  ^  s  =  P  v,  ducatur  s  £  ad  c/'  £  parallela,  jungaturque 
Deinde  fit  curva  K  L  ejus  naturae,  ut  area  M  n  W  P.  femper  aqua¬ 
lis  fit  fedlori  £e/'^.  In  circuli  arcu  (Fig.  47.)  no  du&is  pw  finu 
arcus  pq,  &p0  finu  arcus  n  p,  producatur  m  p  ad  z,  ducaturque 
z  |  ad  p  n  parallela.  Porro  didfis  m  n  -  m  p,  a  •,  m  0,  b  \  n  z,  c  ; 
p  yj,  R  ;  n  v,  y  5  erit  ut  m  p  :  p  yj :  :  m  z  :  z  £,  fed  ut  m  0  :  m  n  (m  p) 
:  :  m  n  :  m  z  ?  ex  aequo  igitur  ut  m  0  (b):  p  y\  (R) : :  m  n  :  z  £  : :  m  v 

{V  a  a -\~yy)  :  z  v  (y  —  c )  unde  by  —  bc  =  Ri /  £  0  -H  y  y,  &  deni- 

^r4-«RP^^ — RR 

que  y  —  n  v  —  P  $  =. - . 

b  b  —  RR 

Hinc  autem  modo  oftavo  folvitur  problema. 

Regula  6.]  Per  propofitionem  nonam  Tradlatus  de  Quadratura 
Curvarum  area  curvae,  cujus  abfeifia  eft  z  &  ordinata 

*  Vid.  Barrov.  left.  geometr.  pag.  110. 


b  b  c^r 
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bb  c  ”4“  a  R  V  a  a  — •  K  R 

- ,  aequalis  eft  areae  curvas,  cujus  abfcifla  eft 

b  b  —  R  R 


z  b  b  c  a  R  V  ti  a  —  R  R 

R &ordinata  7-  x - .  Unde  habetur  modus 

R  b  b  —  R  R 

nonus  problema  folvendi. 

z, 

Literae  m  Sc  n  eadem  denotent,  ac  in  regula  tertia,  Sc  fiat  — 

K 

•  _ 

*— n  _  2a  bbc  +  aR\/  aa — RR 

R  x  b  b  —  R  K  P,  &  ordinata —  x - —  fiet 

r  bb —  R  R 

v. —  n  m 

=zbbc  R  n  xbb  —  R  RP"”"1  ■+•  a  R  ”  xb  b — RR|  P~xxVaa — RR.i 

Unde  fi  n  unitatem  denotet,  Sc  p  numerum  quemcunque  integrum 
Sc  affirmativum,  curva  geometrice  rationalis  invenietur,  fi  modo  m  fit 
numerus  affirmativus,  vel  etiam  fi  n  fit  unitas,  m  numerus  affirmativus 
Sc  2  p  numerus  impar  negativus  numero  m  major. 

Regula  7.]  Ducatur  (in  Fig.  48. )  fi  \  femicirculum  a  /3  y  contingens  g 
in  0,  &  producatur  s  £  ad  //,  duda  cP  v  /a.  Sit  autem  curva  (in  Fig .  Fig.  46. 
46.)  KL  ejus  naturte,  ut  area  MnWFzfit  fedori  J  $  y.  Didis 
igitur  m  n,  a\  n  z,  c  ;  &  tangente  arcus  p  q,  R ;  erit  nv  =  P$  = 

a  a  c~\-a  a  R 

- .  Et  hic  eft  decimus  problema  folvendi  modus. 

a  a  —  c  R 

Quando  angulus  interfedionis  redtus  eft,  8c  c  =  £,  h^c  regula 
fub  formula  pofteriori  regulas  fecundas  comprehenditur. 

Item  fi  loco  ?t  M/jt  linea  reda  fumatur,  quicunque  fit  interfedionis 
angulus,  cafus  ille  curvas  logarithmic^  invenietur,  quem  in  regula 
fecunda  tradidimus. 

Regula  8.]  Ut  antea,  eft  area  curvas,  cujus  abfcifla  2  &  ordinata 
a  a  c~ha  a  R 

- ,  aequalis  areae  curvae,  cujus  abfcifla  eft  R  &  ordinata 

a  a  —  c  R 

z. 
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Fig.  49. 


♦ 

z  a  a  c  -+•  a  a  R 

—  x - - .  Hic  autem  eft  undecimus  modus  problema  exe- 

R  a  ci  —  c  R 

quendi.  , 

z.  m—n 

Literis  m ,  n  eadem  denotantibus,  ac  antea,  fi  —  =  R  ”  x 

R 

_ _  z  aac-haaR  m  —  n 

a  4  —  cc  R  Rp  ;  &  ordinata  -7*  x - fiet  =  R  ” 

R  a  a  — c  R 

-  .  - - - j  p—l 

xa*c-\-a*~\-a2ccxR-\-aacRRxa*  —  c  c  R  k|  :  quae 

formula  curvas  geometrice  rationales  facile  praebet. 

Si  fit  m  —  1  =  n  p ;  eadem  parabola  femicubica  atque  ex 
regula  tertia  invenietur. 

Regula  9.]  Si  (in  Fig.  49.)  N  O  ad  lineas  AB,  CD  perpendi¬ 
cularis  fit,  &  ducatur  curva  K  L,  cujus  ordinatae  P  W,  QJX,  quae 
aequaliter  a  puncto  M  diftant,  squales  fint,  &:  ab  eadem  abfeifis 
parte  pofits  ;  radio  ordinats  P  W  squali  deferibatur  circuli  feg- 
mentum  a  b  c,  qus  angulum  comprehendat  angulo  squalem,  in 
quo  curva  fe  ipfam  fecare  requiritur  cujus  fegmenti  centrum  squa- 
liter  diftet  a  lineis  AB,  CD.  Ducatur  autem  &  alia  curva 
cujus  ordinats  Pv,  Q  £  squaliter  a  pundo  M  diftantes  fint  squales 
&  a  contrariis  partibus  abfciffs  N  O  pofits.  Deinde  fumpta  M  f 

—  P  v  dudaque  f  h  lines  N  O  ad  perpendiculum,  jundaque  c  h, 
manifeftucn  eft,  fi  curva  qusfita  E  F  ejus  fit  naturs,  ut  contingens 
in  pundo  I  femper  fit  parallela  lines  c  h,  propofito  fatisfaciet.  Nam 
cum  fit  W  P  =  Q^X,  idem  circuli  fegmentum  ordinatis  PW, 

X  convenit  ;  adeo  ut  fi  fumatur  M  g  —  Q^,  ducatur  g  k  ad 
N  O  perpendicularis,  &  jungatur  c  k  ,  linea  reda  contingens 
curvam  qusfitam  E  F  in  pundo  R  parallela  erit  lines  c  k. 
Quoniam  igitur  Q  p  =  eft  P  y,  ideoque  M  g  M  f  in  fitu 
hujus  curvs  E  F  inverfo,  &  quando  pundum  R  in  pundum  I 
cadit,  contingens  in  pundo  R  lines  punda  a,  h  conjungenti  paral¬ 
lela  erit,  &  cum  contingente  in  pundo  I  angulum  conftituet  squa¬ 
lem  ei  fub  a  h  c,  nimirum  angulo  in  fegmento  a  b  c  comprehenfo. 

•  • 

Invenitur  igitur  hujufmodi  curva,  fi  fiat  ut  y  :  z  : :  f  h  :  fc.  Quam- 
obrem  fi  pro  PW  ponatur  m  \  pro  a  M=Mc  ponatur#;  pro 
intervallo  inter  pundum  M  &  centrum  fegmenti  ponatur^) ;  &  pro 

•  •  _  -  • 

P  v  =  M  f,  q\  habebimus  y :  x  : :  */  m  m  —  qqdczp:n-{-q9&y  = 

1/  m  m — 
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V  m  m—~qq  ±/>  . 

- - z»  Dantur  autem  rationes  inter  //,  p  ob  da- 

n  q 

tum  fegmenti  a  b  c  angulum,  Sc  invenietur  y  vel  P  l  metiendo 

mm  ■  «  ■■  i  >>  «  itmm  m  <| 

1/  mm — q  qzkzp 

curvam,  cuius  abfcifta  eft  z  Sc  ordinata - Hic  au~ 

n  +  q 

tern  exhibetur  duodecimus  modus  problema  tradandi. 

Si  angulus  fub  a  h  c  fit  re  (ft  us,  eric  p  =  o,  n  =  m,  Sc  ordinata 

m  —  q 

curvae  metiendae  v' - .  Quam  profedo  ordinatam  problemati 

m  ~h  q 

fatisfacere,  intelligi  quoque  poteft  ex  pofteriori  regulae  fecundae  for¬ 
mula. 

Si  loco  linearum  curvarum  K  L,  >t  M  ^  redae  fumantur,  quan¬ 
do  angulus  fub  a  h  c  redus  eft,  erit  curva  E  F  cyclois  \  quae  facile 
determinatur  forma  undecima  tabulae  curvarum  fimpliciorum,  quae 
cum  circulo  &  hyperbola  comparari  poliunt  in  Tradatu  de  Qua¬ 
dratura  Curvarum  Newtoni,  • 

Regula  10.]  Porro  area  curvae,  cujus  abfcifta  eft  ^  &  ordinata 

s/  m  vi  —  qqzdap 

- ,  aequalis  eft  tum  areae  curvae,  cujus  abfcifta  eft  m 

n+q 

z ,  V  mm — qqzhp 

&  ordinata  7-  x - •,  tum  areae  curvae,  cujus  abfcifta 

m  n-\-q 

z  V  mm  —  q  q  zbzp 

eft  q  Sc  ordinata  7-  x - - .  Unde  habentur  duo  alii 

q  .  n-\r  q 

modi ,  quibus  problema  folvi  poteft  ;  quorum  pofteriori,  ratione  fe- 
quenti,  curvae  geometrice  rationales  inveniri  poliunt. 


Sint  c/',  «numeri  impares,  »3  numerus  par,  &  ponatur  7- =  2  ‘ 

\ 

x  n  *  —  q\  item  m  =  1  4-  i  q  q.  Unde  erit  z  =  arex  curvae,  cujus 
Vol.  VI.  P  abfcifta 
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J—<  z  V  mm —  qqzi=.p 

abfciffa  eft  q  &  ordinata  q  *  x  n  • — j",  &  ordinata  —  x - 

q  n~\~  q 


fiet  =  n'~l  — n»-- q -+■  n‘~i  qq -T- &  c.  .  .  .  —  q‘~'  x  i — %qqdszp. 

His  quatuordecim  diverfis  modis  generalibus  amicus  meus  prob¬ 
lematis  folutionem  abfolvit.  Demonftrationes  autem  illius  ex  com- 
pofitione  ufus  in  hoc  problemate  curvarum  Geometris  notarum  fie 

fe  habent. 

De  Cafa  i  Lin.  Lcgarith.]  Sit  (in  Fig.  50.)  A  B  linea  logarithmica 
afymptoton  habens  C  D  ;  eique  ordinatim  applicetur  E  F,  qus  fit 
fubtangenti  logarithmic®  squalis.  Ad  lineam  redam  E  F  &  ad 
quodcunque  in  ea  pandum  I  conftituatur  alia  linea  logarithmica 
G  H  I  priori  fimilis  &  squalis,  fed  fitu  inverfo  difpofita.  Deinde 
fi  contingentes  H  L,  H  M  ducantur,  dico  angulum  fub  L  H  M 
angulo  fub  C  E  F  effe  squalem.  . 

Ordinatim  applicetur  H  N,  fiat  EO  =  EN,  ordinatim  applice¬ 
tur  O  P,  &  ducatur  contingens  P  Q_.  Punda  P  &  H  squaliter 
diftant  a  reda  E  I,  unde  pundum  P  in  curva  A  B  pundo  H  in 
curva  G  I  refpondet,  &  angulus  fub  O  P  Q_=  eft  angulo  fub  NHM, 
propterea  quod  curvs  AB,  G  l  fimiles  funt  &  squales.  Quoniam 
vero  curva  A  B  eft  logarithmica  &  EN,  EO  squales,  erit  N  H 
xOP=EFf  Eft  autem  E  F  =  N  L  =  O  Q_,  unde  ut  N  H  : 
E  F  (N  L)  :  :  E  F  (O  O  ) :  O  P.  Cum  igitur  anguli  fub  H  N  L, 
OOP  fint  aequales,  triangula  H  N  L,  QO  P  funt  fimilia,  &  an¬ 
gulus  fub  Q^P  O,  qui  aequalis  eft  angulo  fub  NHM,  aequalis 
quoque  erit  angulo  fub  N  L  H.  Unde  anguli  mb  N  H  M  &  fub 
N  L  H  aequales  erunt,  &  angulus  fub  L  H  M  angulo  fub  C  N  H 
five  angulo  fub  C  E  F  aequalis.  Qj  E.  D. 

De  Cafu  altero  Lin.  Log.']  Sint  (in  Fig.  51.)  AB,  CD  duas 
lineae  redae  parallelae,  intra  quas  quaelibet  alia  linea  reda  E  F 
ducatur.  Ad  afymptoton  A  B  defcribatur  linea  logarithmica  G 
cujus  fubtangens  fit  aequalis  lineae  E  F,  &  ordinatim  applicatae 
comprehendant  cum  afymptoto  angulos  verfus*  contingentes  aequales 
parti  dimidiae  anguli  fub  A  E  F.  Quibus  pofitis,  fi  ad  afymptoton 
C  D  alia  defcribatur  linea  logarithmica  I L  M  priori  fimilis  & 
aequalis,  &  fi  ducantur  contingentes  L  N,  L  O,  dico  angulum  fub 
O  L  N  angulo  fub  B  E  F  effe  aequalem. 

Ducatur  N  P,  ut  angulus  fub  A  N  P  angulo  fub  AEF  fit  ae¬ 
qualis,  &  erit  N  P  =:  E  F.  Sumatur  N  lineae  EF  five  fubtan¬ 
genti  lineae  logarithmic^  aequalis,  jungaturque  Q^L.  ^  Quoniam 
igitur  Q  L  pundum  Q^  conjungit  cum  pundo  contadus  L,  QJL 

ordina- 
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ordinatim  ad  afymptoton  A  B  applicabitur,  ideoque  angulus  Tub 
LON  verfus  contingentem  L  N  aequalis  erit  parti  dimidiae  anguli 
fub  A  EF  vel  anguli  fub  A  NP;  ell  autem  NPn  E  F  =  N 
quoniam  igitur  N  P,  N  Q^funt  aequales,  &  angulus  fub  L  QJS 
aequalis  dimidio  anguli  fub  AN  P,  reda  QL  produda  tranfibit  per 
P  efficiens  triangulum  P  N  Q^ifofceles.  Eadem  ratione  fi  ducatur 
O  S,  ut  angulus  fub  COS  aequalis  fit  angulo  fub  A  E  F  erit 
O  S  z=E  F  *,  fi  vero  fumatur  O  R  =  E  F,  ducaturque  R  L,  ordina¬ 
tim  ea  applicabitur  ad  afymptoton  CD,  &  produda  tranfibit  per 
S,  propterea  quod  linea  I  M  fimilis  eft  &  aequalis  lineae  G  H. 
Erit  autem  angulus  fub  PRL  (  =  angulo  fub  LSQ^)  —  angulo 
fub  L  QjS  =  angulo  fub  NP(^.  Unde  erit  angulus  fub  L  S 
—  angulo  fub  N  P  Q^,  &  triangula  S  L  Q,  P  N  fi  mil  ia  lunt, 
angululque  fub  S  L  angulo  fub  P  N  angulo  lub  B  E  E. 
Eft  autem  &LS  =  L  Q_,  OS=:  N  Q^,  item  angulus  fub  O  S  L 
(  =  angulo  fub  ORS)  =.  angulo  fub  NQ^L.  Triangula  igitur 
O  S  L,  N  Q^L  aequalia  funt,  habentia  bafes  O  L,  N  L  aequales, 
&  angulos  fub  N  L  Q^,  O  L  S,  etiam  aequales  :  auferatur  com¬ 
munis  angulus  fub  N  L  S,  &  relinquetur  angulus  fub  OLN  = 
angulo  fub  S  L  angulo  fub  BE  F.  Q_.  E.  D. 

De  Cycloide.]  Sint  (in  Fig.  52.]  AB,  CD  duae  redae  lineae  paral- 
lelae,  quas  E  F  ad  perpendiculum  fecet.  In  diametrum  E  F  defcri- 
batur  Semicirculus  E  G  F,  &  eo  femicirculo  defcribatur  femicyclois 
F  H.  Jam  fi  alia  femicyclois  I  LQ^  priori  fimilis  &:  aequalis  fed 
fitu  inverfo  intra  parallelas  defcribatur,  &  fi  contingentes  L  M, 
LN  ducantur,  dico  angulum  fub  M  L  N  redum  efie. 

Sit  I  O  P  femicirculus,  quo  defcribitur  femicyclois  I  Q^,  ejus  dia¬ 
meter  I  P  ;  ducatur  L  G  O,  lineis  A  B,  C  D  parallela,  &  jungan¬ 
tur  F  G,  G  E,  I  O.  Erit  deinde  contingens  L  M  parallela  redae 
F  G,  &  contingens  L  N  parallela  redae  I  O,  qum  parallela  eft 
redae  E  G.  Angulus  igitur  fub  M  L  N  —  eft  angulo  fub  F  G  E 
redo,  ideoque  angulus  fub  M  L  N  reditis  eft.  E.  D. 

De  Par  ab,  Semicub .]  Si  (in  Fig.  53.)  redam  lineam  A  B  alia  reda 
linea  C  D  interfecat  in  pundo  D  cum  linea  A  B  angulum  quem¬ 
cunque  conftituens  ;  &  fi  fumatur  DE  =  -  DC;  deinde  ducatur 
E  F,  ut  D  F  fit  =  D  E  ;  &  denique  diametro  C  F  &  vertice  C 
defcribatur  parabola  femicubica  G  C  H,  quae  tranfeat  per  pundum 
E,  habeatque  ordinatim  applicatas  ad  diametrum  C  F  lineas  F  E 
parallelas  :  his  pofitis,  fi  parabola  haec  ad  lineam  A  B  in  fitu  in¬ 
verfo  defcripta  fit,  ut  eandem  in  fitu  jam  dido  defcriptam  interfe- 
cet,  &  contingentes  ad  pundum  interfedionis  ducantur,  illae  con¬ 
tingentes  fe  interfecabunt  in  angulo  aequali  angulo  fub  C  D  B. 

Sumatur  in  parabola  G  C  H  pundum  quodvis  I,  ducatur  I  LC, 
&c  fumpta  EM=EL  ducatur  MNC.  Deinde  ordinatim  appli¬ 
centur  O I  P,  N  Q_  R,  ducaturque  C  E  V,  item  E  X  diametro  C  O 
parallela.  His  pofitis,  erit  VX:XE::EF:FC,  &XE:XP:: 

P  2  D  F  : 
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D  F  :  E  F.  Unde  ex  aequo  ut  V  X  :  X  P  : :  D  F  :  F  C,  dividendo- 
que  ut  V  X  :  V  P  : :  D  F :  D  C.  Quoniam  igitur  eft  D  F  ~  D  E  =  £ 
D  C,  eft  etiam  V  fVP,  Porro  ut  I  O  q  :  E  F  <7 : :  C  O  c  :  CFr : : 

V  O  c  :  E  F  c.  Quatuor  igitur  ratione  continuata  proportionalium 
eft  V  O  fecunda,  quarum  IO  eft  prima  &  EF  ultima.  Eft  autem 
&  IO:  O  V  :  :  LF  :  EF.  Ideoque  funt  IO,  O  V,  FL,  FE 
quatuor  ratione  continuata  proportionales  ;  unde  ut  V  O  :  L  F  :  : 
L  F  :  E  F  :  :  V  O  —  L  F :  L  E,  componendoque  ut  LF  -f  EF: 
E  F : :  V  O  — EF  (—  V  X) :  L  E.  Demonftratum  autem  fuit  V  X 
aequalem  effe  dimidio  lineae  V  P.  Ut  igitur  2  L  F  +  2  E  F  :  E  F :: 

V  P  :  L  E  : :  2  L  F  E  H-  2  E  F  ^  :  E  F  q.  Jam  vero  ut  I  O  :  L  F 
( ;  :  I  V  :  L  E) ; :  L  F  q  (  2  L  F  E  4-  L  E  q  —  EF^)  :  E  F  q,  prop- 
terea  quod  lineae  IO,  V  O,  L  F,  E  F  funt  quatuor  ratione  con¬ 
tinuata  proportionales  •,  quoniam  igitur  ut  V  P :  L  E  :  :  2  LFE  + 
2  E  F  q  :  E  F  q9  erit  ut  P  I :  L  E  : :  3  E  F  q  ‘ —  L  E  q  :  E  F  q.  Eodem 
modo  demonftratur  ut  N  R  :  E  M  : :  3  E  F  q —  E  M  q  :  E  F  q.  Cum 
igitur  EM™  fit  E  L,  erit  N  R  =  P I  *,  funt  autem  parallelae,  ideo¬ 
que  pundla  N,  I  aequaliter  diftant  a  linea  A  B.  Si  igitur  parabola 
femicubica  G  CH  in  fitu  inverfo  ad  lineam  A  B  defcribatur,  punc¬ 
tum  N  incidere  poteft  in  pundlum  L  Parabolae  huic  detur  ille 
litus  inverfus  b  c  g,  &c  ducantur  contingentes  IrS,  EW,  A  N  T, 

/  I  J  •,  item  line«  W  L  Y,  W  Z  M.  Erit  ex  natura  parabolae  hu¬ 
jus  O  S  ~  f  O  C,  F  W  =  f  F  C,  &  Q  T  -  f  Q^C.  Eft  autem  & 
FDr]  F  C-,  unde  F  D,  DE,  &  D  W  funt  aequales,  &  angulus 
fub  F  E  W  redius :  &,  cum  E  L  fit  =  E  M,  erunt  &  anguli  fub 
E  W  L,  E  W  M  «quales.  Quoniam  autem  L  M  F  lineis  IO,  NQ^ 
parallela  eft,  &  lineae  O  C,  F  C,  Q^C  fimiliter  dividuntur  in  pundlis 
S,  W,  T,  erit  W  L  Y  contingenti  IrS  parallela,  &  W  Z  M  con¬ 
tingenti  A  N  T.  Eft  igitur  angulus  fub  W  YD  =  angulo  fub  I  r/, 
&  angulus  fub  W  Z  D  —  angulo  fub  N  A  D  =  angulo  fub  I  t  V. 
Porro  cum  anguli  fub  E  W  L,  E  W  M  fint  aequales,  &  anguli 
fub  D  EW,  DWE  etiam  aequales  propter  linearum  D  W,  DE 
«qualitatem,  erit  angulus  fub  Y  W  D  =  angulo  fub  W  Z  D.  Ideo¬ 
que  angulus  fub  CDB,  qui  aequalis  eft  fummae  angulorum  fub 
W  Y  D  &  fub  Y  WD,  «qualis  erit  fummae  angulorum  fub  IlV, 
&  fub  1 1  T,  nimirum  angulo  fub  T  I  cA  «qualis.  Q.  E.  D. 

XIII.  Accounts  of  Books  ommitted . 

I.  Harmonia  Men  fur  arum  \  five  Analyfis  &  Synthefis  per  rationum 
&  angulorum  menfuras  promot«  ;  accedunt  alia  opufcula  Mathema¬ 
tica :  per  Rogerium  Cotefium.  Edidit.  &  auxit  Robertus  Smith, 
Coll.  Trin.  Cantab.  &  Reg.  Soc.  Socius  ;  Aftronomi«  &  Experimen¬ 
tal^  Philofophi«  Profeffor.  Cantabrigian  1722,  in  Quarto. 

II.  Geometria  Organica ,  five  Defcriptio  linearum  curvarum  Uni- 
verfalis.  Audio  re  Colino  Maclaurin  Mathefeos  in  Collegio  Novo 
Abredonenfi  Profeftbre,  &  R.  S.  S, 
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inverted  interfering  Curves  folved 

The  Defign  of  this  T reatife  is  to  examine  various  Methods  pro- 
pofed  by  Mathematicians  for  defcribing  geometric  Curves,  and  to 
demonftrate  a  new  one  infinitely  more  General.  ’Tis  built  upon 
the  Theorems  publifh’d  at  the  End  of  Sir  Ifaac  Newton’s  Enume¬ 
ration  of  the  Lines  of  the  3d  Order.  Thefe  he  demonftrates  in  the 
i ft  Sedtion  of  the  2d  Part,  and  in  the  laft  to  fhew  the  Ufeof  Curves 
in  Natural  Philofophy,  folves  two  of  the  moft  confiderable  Prob¬ 
lems  that  occur  in  it. 
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CHAP.  II. 

0  9  T  I  C  K  S. 


I.  O IGNIOR  Rizzetti ,  an  Italian  Gentleman,  publifheda  Book 
concerning  the  Affections  of  Light,  in  oppofition  to  Sir 
f  Ifaac  Newton ,  dedicated  to  Cardinal  Polignac ,  1727.  In  it  he  calls 
feveral  of  Sir  Ifaac  Newton's  Experiments  into  queftion,  becaufethey 
-  did  not  fncceed  in  the  Way  he  tried  them,  denies  the  Confequences 
oLothers  that  he  allows,  and  advances  new  Hypothefes  contrary  to 
Experience.  The  Prefident  being  acquainted  with  this,  defir’d  Dr. 
Defaguliers  to  make  fome  Experiments  upon  this  Occafion.  How 
thofe  were  made  and  fucceeded,  with  Inferences  from  them,  ycu 
have  in  the  following  Account. 

N.  B.  Some  of  thefe  Experiments  are  Sir  Ifaac's ,  but  made  af¬ 
ter  a  different  Manner  ;  and  fome,  as  the  Dr.  informs  us,  altoge¬ 
ther  his  own. 

Experiment  1.]  I  prepared  a  Box  of  about  three  Foot  high,  and 
one  Foot  wide  within  (whofe  Shape  was  a  truncated  Pyramid)  in 
the  following  Manner.  I  painted  the  Infide  of  it  black,  and  in  the 
back  Part,  one  Foot  above  the  Bafe,  made  a  fquare  Hole  of  three 
Inches  in  Width  (whofe  SeCtion  is  r  r )  to  receive  a  Piece  R  fhut- 
ting  clofe  with  a  Rabbet  or  Shoulder,  whofe  Surface  coming  through 
the  Hole  was  wholly  covered  with  the  painted  Paper,  on  which  the 
Experiment  was  to  be  made.  Over  againll  rr,  in  the  fore  Part  of 
the  Box,  was  a  Door  to  open  with  a  Tube  in  it,  four  Inches  wide 
and  five  Inches  long,  whofe  Section  is  ey  /,  g,  h ,  that  two  Candles 
fet  on  the  Places  z,  k ,  to  enlighten  the  Paper  at  rr,  might  throw 
no  diredt  Light  out  of  the  Box,  whofe  SeCtion  is  reprefented  at 
abed.  Then  having  made  the  Room  perfectly  dark,  I  fixed  the 
Box  upon  a  Table,  that  it  might  remain  in  one  Place  *,  at  the 
Diftance  of  eight  Foot  from  r  r,  I  fixed  the  Lens  L  L,  of  four 
Foot  Focus,  in  a  Frame  upon  another  Table,  with  its  Axis  going 
through  the  Middle  of  rr:  At  the  Diffance  of  about  eight  Foot 
beyond  the  Lens,  I  fet  up  the  Skreen  or  Square  of  white  Paper  S: 
Having  put  into  the  Holerr  a  fluff  Paper,  painted  with  Vermil¬ 
lion*,  and  wrapped  four  Times  and  an  half  with  black  Silk  (as  re¬ 
prefented  by  R),  that  Paper  enlighten’d  by  the  Candles  at  z,  k , 
the  Image  of  the  red  Paper,  was  projected  upon  the  Skreen  at  p, 
and  when  the  mod  diftinCt  Place  was  found,  the  Skreen  was  fixed: 
Then  a  Paper  painted  with  Ultramarine  being  fixed  in  the  Hole 
(r  r,  the  Image  of  it  was  fo  indiftinCt  at  £»  that  the  Images  of  the 
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black  Silks  could  not  be  feen  ;  but  holding  a  Piece  of  Paper  clofe 
to  the  Skreen,  and  bringing  it  forward,  at  about  ~  of  an  Inch  from 
the  Skreen,  the  Reprefentation  of  the  Silks  began  to  appear  on  the 
blue  Image  •,  but  it  was  mod  didind  at  an  Inch  and  or  at 

Z  Z  ;  fo  that  there  was  i  £  Inch  between  the  didind  Bale  of  the 
red,  and  that  of  the  blue  Paper.  But  what  has  led  feveral  People 
into  an  Error  in  making  this  nice  Experiment,  is  the  Depth  of 
the  Focus  of  the  Rays  in  both  Cafes  ;  for  though  the  red  Image 
was  mod  didind  at  yet  the  Reprefentation  of  the  black  Silks 
might  jud  be  perceived  by  a  good  Eye  when  the  Skreen  was  mov¬ 
ed  backwards  or  forwards  \  of  an  Inch:  The  blue  Image  which 
was  dronger  had  its  Silks  vifible  an  Inch  on  either  Side  of  ZZ; 
fo  that  in  a  Paper  half  red  and  half  blue,  painted  with  thefe  Co¬ 
lours,  one  might  have  fee n  the  Silks  (though  faintly J  upon  the 
two  Images  at  once,  and  have  been  thereby  deceived  :  But  \  of 
an  Inch  beyond  the  Place  common  to  both,  the  red  alone  would 
have  appeared  didind  ;  and  an  Inch  fhort  of  the  faid  Place,  the 
blue  Image  mod  didind,  and  didind  alone  that  is  an  Inch  and 

nearer  the  Glafs.  Indead  of  Vermilion  the  red  Paper  may  be 
painted  with  Carmine  ox  Lake,  but  it  will  not  dofo  well,  as  was  then 
tried  ;  nor  does  Pruffian  Blue  do  fo  well  as  Ultramarine.  The  bed 
Way  is  to  heighten  the  Vermillion  with  a  little  Carmine,  and  the 
Ultramarine  ( which  has  too  much  white)  with  Indigo  ;  and  then 
there  will  be  a  Space  between  the  two  didind  Bafes  where  both 
the  Images  will  be  indidind. 

N.B.  I  made  the  Experiment  with  fuch  Colours,  in  the  Tear  1722  ; 
hut  now  I  ufed  no  Mixtures,  that  any  Body  elfe  might  repeat  the  Expe¬ 
riment. 

The  55th  Figure  reprefents  the  Box  with  one  Side  out,  whofe  Eg.  55. 
Place  is  db  eg  is  the  PTole  for  the  Tube  in  the  Door  of  the 
Fo  relide,  hJ'cJ;  rr  the  Hole  in  the  Back  to  receive  the  Piece  R 
with  its  painted  Paper. 

The  56th  Figure  is  the  Box  open  before,  with  the  Candles  and  Pa¬ 
per  in  it,  the  fame  Parts  being  marked  with  the  fame  Letters  as  in  the 
other  Figures. 

N.B.  I  made  the  Experiment  in  this  Manner,  becaufe  SigniorRiz- 
zetti  attributed  the  different  Foci  of  the  Colours  to  different  Inclina¬ 
tions,  which  could  not  be  alledged  here  *,  the  red  and  blue  being,  as 
he  had  de/ired ,  fucceffively  fixed  in  the  very  fame  Place  :  And  he 
lays,  p.  64.  addidi  permanentes  colores  a  lumine  diredlo  diverfd  incli¬ 
natione  illujlratos  conflante  Inclinatione  in  lentem  incidere.  Nay,  more 
than  this  was  performed  in  the  Experiment  •,  for  as  the  Candles  were 
fixed ,  the  Light  fell  upon  the  painted  Paper  always  with  the  fame 
Incidence. 
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Exper.  2.]  Inftead  of  the  red  or  blue  Paper  at  r  r  (Rg.  54, 
55.  J  I  fixed  upon  the  Piece  R,  a  Paper  half  red,  and  half  blue,  as 
R  B  (Rg.  57*)  then  over  the  Hole  in  the  fore  Part  of  the  Box  re- 
prefented  by  eg  (Fig.  55.)  I  fixed  a  fquare  Plate  y.  ch  c  d  (Fig.  57.) 
with  an  oblong  Hole  in  it  four  Inches  long  in  its  Horizontal  Po- 
fition,  and  one  Inch  deep,  through  which  one  might  fee  the  parti¬ 
coloured  Paper,  as  if  it  was  only  of  the  Bignefs  and  Figure  of  this 
Aperture,  and  ftrongly  enlighten’d  by  the  Candles  hid  in  the  Box  ; 
the  reft  of  the  Room  being  very  dark. 


N.  B.  I  made  this  Preparation ,  becaufe  Rizzetti  objects  to  Sir 
Ifaac  Newton’ j  firft  Experiment  of  the  firft  Book ,  that  the  black 
Cloth  beyond  the  parti-coloured  Paper  was  not  colourlefs ,  and  there¬ 
fore  the  Experiment  was  not  decifive  as  particularly  relating  to  the 
Paper . 

RB  (Fig.  58.)  is  the  Paper  contracted  in  Length  and  Breadth 
by  the  Aperture  of  the  Plate,  which  Paper  being  looked  at,  at 
the  Diftance  of  five  Foot,  by  the  Prifm  1,  appeared  as  drawn  at 
r  b.  The  Prifm  being  removed  to  2,  at  the  Diftance  of  ten  Foot, 
fhewed  the  Paper  as  at  r  b.  And  when  it  was  at  3  (at  the  Diftance 
of  fifteen  Foot)  the  Paper  appeared  as  5  /3.  In  thefe  three  Cafes 
the  blue  b,  b ,  and  /3  appeared  lower  than  the  red  r,  r,  £,  the 
refracting  Angle  of  the  Prifm  being  downwards.  When  the  refract¬ 
ing  Angle  was  held  upwards,  as  at  5,  then  the  blue  B  was  raifed 
higher  than  the  red  R ;  but  if  due  Care  be  not  taken,  in  turning 
the  Prifm,  a  Reflection  may  be  miftaken  for  a  RefraCtion,  as  at 
4  •,  and  then  indeed  the  Red  and  Blue  will  be  equally  raifed  as  at 
T.  This  muft  have  been  Signior  Rizzettfs  Miftake,  when  (in 
Pag.  38.)  he  fays  that  one  Colour  was  raifed  higher  than  the  o- 
ther  by  two  Lines,  at  ten  Foot  Diftance,  but  not  at  all  at  five 
Foot  •,  for  feveral  of  the  Perfons  prefent  at  my  Experiments,  made 
the  fame  Miftake  at  firft  before  they  could  perform  the  Experi¬ 
ment  in  manner  abovementioned  ;  which  they  at  laft  did,  and  found 
the  Colours  feparated  moft  at  the  greateft,  and  leaft  at  the  leaft 
Diftance. 

Phis  miftaking  a  Reflection  for  a  RefraCtion ,  has  been  the  Occa - 
fion  of  feveral  more  Errors ,  and  Difficulties  to  be  met  with  in  Sig¬ 
nior  Rizzetti’j  Book. 

Exper.  3.]  A  Candle  K,  reflected  from  the  Surface  AB  of  the 
Prifm  ABC,  appeared  very  faintly  to  the  Eye  at  E,  as  a  weak 
Image  at  k  *,  becaufe  the  Rays  incident  at  I,  pafs  moft  of  them 
through  the  Prifm,  and  go  on  to  R,  feparating  from  one  another 
according  to  their  different  Degrees  of  Refrangibility  whilft  a 
few  of  them  are  reflected  to  the  Eye  in  the  Direction  I  E. 
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But  if  the  Prifm  be  in  the  Pofition  A  C  B  ( Fig.  60.)  moft  of  the  Fig.  60. 
Rays  of  the  Candle  K,  incident  at  I,  on  the  Plane  A  B  (after 
having  pafied  perpendicularly  through  the  Plane  B  C)  are  reflected, 
and  palling  perpendicularly  through  A  C,  go  into  the  Eye  at  E, 
which  fees  a  very  ftrong  Image  of  the  Candle  at  k,  whilft  very 
few  Rays  go  down  to  R  to  produce  Colours. 

Corol.  ]  This  Jhews  that  the  Rays  of  Light  pafs  with  more  Facility 
through  Glafs  (a  denfe)  than  through  the  Air  (< a  rare)  Medium  ; 
contrary  to  Rizzetti’j  Affertion- 

Exper.  4.]  To  make  this  more  evident,  and  compare  together 
the  Facilities  with  which  Light  palfes  through  the  two  Mediums, 

I  took  a  Cube  of  Glafs  of  three  Inches  the  Side,  A  a  h  B  d  D  C, 
whofe  SeCtion  is  A  B  C  D,  and  looking  upon  it  from  E  to  fee 
by  Reflection  the  Candle  K,  I  faw  two  Images  of  it  i  one  at  k  %  61, 
very  faint,  and  reflected  from  the  upper  Surface  A  B,  and  the  o- 
ther  at  *  very  ftrong,  and  reflected  from  the  lower  Surface  C  D. 

Now  it  is  evident,  that  the  Vividnefs  for  Brightnefs)  of  the  I- 
mageic,  is  to  the  Vividnefs  of  the  Image  k\  as  the  Facility  with 
which  the  Rays  in  thefe  Circumftances  pafs  through  the  Glafs,  or 
through  the  Air  :  And  thofe  areeafily  compared,  becaufe  both  the 
Images  are  feen  at  once. 

Exper.  5.]  The  Line  PI  being  perpendicular  to  the  reflecting 
Plane  AB  of  the  Triangle  A  C  B,  I  brought  the  Candle  K  by  De¬ 
grees  fo  near  to  P,  as  to  diminifh  very  much  the  Angle  of  Inci¬ 
dence  KIP,  which  made  the  Image  or  Appearance  of  the  Candle  Fig-  62. 
at  k,  become  fainter  by  Degrees,  and  at  laft  as  faint  as  in  Fig .  59.  Fig.  $g. 

Exper.  6.]  Having  made  the  Experiment  as  at  Fig .  60,  I  prefied  Fig.  60. 
another  Prifm  D  F  G,  clofe  to  the  Prifm  ABC,  and  when  I 
fqueezed  them  together  but  gently,  fome  of  the  Rays  from  the 
Candle  R,  pafied  through  the  lower  Prifm,  and  falling  upon  a 
Paper  at  R,  made  a  reddifh  Spot ;  but  when  I  fqueezed  them  very 
hard,  the  Spot  became  much  wider,  white  in  the  Middle,  and 
only  tinged  with  Red  about  the  Edges :  At  the  fame  Time  the 
Eye  faw  a  black  Spot  in  the  Image  of  the  Candle  at  k  \  and  a  Stander- 
by  looking  obliquely  at  the  Place  I  (where  the  Glafies  touched)  faw, 
as  it  were,  a  little  Hole  through  the  Prifms  as  bigas  the  SpotL  But 
if  the  Prifms  be  prefied  together  but  gently,  then  all  the  other  Phe¬ 
nomena  difappear,  except  the  Erft  little  Spot  at  R,  as  in  Fig.  64.  FiS-  64- 

When  the  Candle  is  feen  by  Reflection  from  the  lower  Surface  of 
a  Prifm,  as  in  the  60th,  62c!  and  63d  Figures,  the  Rays  pafs  quite  ^£-60,62,63. 
through  that  Surface,  and  are  turned  up  again  by  the  Attraction 
of  it  in  Curve  Lines  fo  as  toVe-enter  the  Prifm,  and  then  (going 
out  again  through  the  Surface  A  C)  go  up  to  the  Eye  at  E.  In 
this  Cafe  the  moft  refrangible  Rays,  being  the  moft  eafily  infieCted, 
make  the  leaft  Curves,  whofe  Vertices  are  nearer  the  Glafs  than 
thofe  of  the  greater  Curves  made  by  the  leaft  refrangible  Rays. 
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This  is  proved  by  Experiment  6,  where  the  under  Prifm  only 
attracts  down  from  the  Reflexion  of  the  upper  Prifm,  the  Red 
making  Rays  as  in  Fig.  64.  where  the  Plate  of  Air  between  the 
Prifms  is  of  fome  fmall  Thicknefs.  But  when  the  Prifms,  whofe 
Surfaces  are  a  little  convex,  are  prelfed  hard  together,  the  lower 
Prifm  is  near  enough  to  attraCt  Rays  of  a  great  Degree  of  Re- 
frangibility  *,  and  therefore  the  Spot  then  becomes  white  in  the  Mid¬ 
dle,  °  and  only  red  about  the  Edges,  which  are  produced  by  fuch 
Parts  of  the  lower  Prifm  as  are  not  fo  near  the  upper  Prifm. 

There  are  two  Circumftances  in  the  6th  Experiment,  which  dif- 
prove  Rizzett? s  Afiertion  (Page  125)  viz.  That  there  is  a  fenfible 
Reflection  even  where  Glajjes  touch  ;  for  when  the  Prifms  touch  at 
I  Fig.  63,  the  black  Spot  appearing  in  the  Image  of  the  Candled 
fhews  that  there  is  at  I  a  Deficiency  of  thole  Rays,  which,  coming 
from  the  Middle  of  the  Candle,  ufed  to  be  reflected  up  to  the  Eye 
at  E,  and  therefore  that  A  B  the  reflecting  Surface  of  the  upper 
Prifm  ceafes  to  reflect  in  a  little  Space  round  about  I  where  the 
upper  Surface  D  F  of  the  under  Prifm  touches  it ;  the  Rays,  which 
before  were  reflected,  now  going  down  to  make  the  Spot  at  R. 
The  other  Circumftance  is  this  5  that  whereas  a  Paper  k  is  invifible 
to  an  Eye  at  E  by  the  Interpofition  of  the  Prifm  DFG;  when 
another  Prifm  A  C  B  is  laid  over  it  and  prefled  hard,  there  appears 
to  be  an  Hole  of  about  ~  of  an  Inch  (more  or  lefs  in  Diameter  as 
the  prifmatical  Surfaces  are  more  or  lefs  flat)  thro’  which  the  Paper  at 
k  becomes  vifible  ;  this  being  the  Place  of  ContaCt  where  the  Re¬ 
flection  downwards  (of  the  Surface  D  F)  ceafes. 

This  happens  becaufe  thofe  Rays,  which  (coming  from  the  Candle 
K)  were  bent  in  Curves  under  the  Surface  A  B  of  the  upper  Prifm 
about  feveral  Points  near  I,  are  by  the  Nearnefs  of  the  Surface 
D  F  of  the  lower  Prifm  brought  down  to  R,  inftead  of  being  turn¬ 
ed  up  again  to  the  Eye  at  E  ;  whilft  thofe  Rays,  which  (coming 
from  the  Paper  at  k  thro’  the  Surface  G  F  of  the  lower  Prifm,  and 
pafling  thro’  the  upper  Surface  of  it,  F  D)  were  bent  in  Curves  a- 
bout  feveral  Points  near  I,  are  prevented  from  turning  down  again 
to  R,  and  are  brought  up  to  the  Eye  at  E,  which  confequently 
muft  fee  a  round  Part  of  the  Paper  at  k9  juft  as  big  as  the  Place  of 
Contact,  which  appears  like  an  Hole  ;  or  as  if  the  two  Prifms  be¬ 
ing  changed  to  a  Parallelopiped,  were  covered  with  a  dark  Paper 
that  had  only  a  Imall  Hole  in  it. 

But  to  make  this  more  evident,  efpecially  to  fuch  as  are  not 
well  acquainted  with  Sir  Ifaac  Newton's  Opticks,  I  beg  Leave  to 
explain  the  Manner  of  the  Bending  of  Rays,  where  they  are  refraCted 
or  reflected. 
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Of  the  Bending  of  the  Rays  in  their  Refradion.  • 

Schol.  i.]  Let  D  D  (Fig.  65.)  reprefent  a  denfe  Medium  (as  Glafs)  Fig.  65. 
whofe  Surface  is  G  G,  and  A  A  a  rare  Medium  (as  Air).  Now 
let  us  fuppofe  a  Power  to  extend  all  over  the  Surface  G  G,  ading 
from  A  A  towards  D  D  in  Lines  perpendicular  to  the  Surface 
G  G,  very  ftrong  in  Contad,  but  infenfible  at  a  very  fmall  Dif- 
tance  from  the  faid  Surface,  which  we  will  call  the  Attraction  of 
the  Surface  G  G,  without  confidering  whether  it  be  any  real  Vir¬ 
tue  in  the  faid  Surface,  or  the  Addon  of  a  Medium  impelling  to¬ 
wards  it.  Let  Lines  11,  22,  33,  fuch  as  exprefs  the  Lines  in  which 
the  Attradion  exerts  it  felf,  and  the  Line  MM  ( extremely  near 
to  GG)  the  Limits  of  the  Attradion,  beyond  which  it  cannot  af- 
fed  a  Ray  of  Light.  Let  the  Ray  of  Light  R  a  moving  from  a 
rare  Medium  into  a  denfe  in  the  Diredion  Rr,  come  towards  the 
Surface  G  G  in  fuch  ah  Angle*  that  it  may  be  refraded.  When 
the  Ray  comes  to  a,  by  the  Attradion  at  a  it  will  be  aded  up¬ 
on  in  the  Line  ab9  and  (by  the  known  Laws  of  Mechanicks)  be 
turned  out  of  the  Way  into  the  Diredion  a  a,  inffead  of  a  r:  When 
it  is  got  to  b,  being  aded  upon  in  the  Diredion  b  4,  its  new  Di¬ 
redion  will  become  b  b  :  Ate,  by  the  Power  acting  in  the  Line 
c  5,  it  will  change  its  Diredion  to  c  c  ;  and  laftly,  at  d  it  will  go 
into  the  Glafs  in  the  Line  Jd,  continuing  in  that  {freight  Line 
whilft  it  moves  in  that  Medium. 

Now  if  the  Lines  n,  22,  33,  0,  c,  b ,  a ,  be  infinitely  near  (as 
they  muff  be  fuppofed  to  be)  the  Ray,  inffead  of  being  broken 
into  the  feveral  (freight  Lines  a  b9  b  c,  and  c  d,  will  be  bent  into 
the  Curve  abed ;  and  the  emergent  Ray  d  d  will  make  the  fame 
Angle  with  the  Incident  Ray  R  r  as  if  the  Refradion  had  been 
made  at  once  at  the  Point »,  which  Point  may  be  confidered  as 
in  the  Surface  G  G,  becaufe  M  M  has  been  fuppofed  extremely 
near  that  Surface  :  Then  alfo  may  Refradions  be  confidered  in  grofs, 
and  Rays  trac’d,  in  all  Optical  Proportions,  as  if  there  were  no 
fuch  Curve  as  what  we  have  been  describing; 

Again,  let  D  (Fig.  66.)  reprefent  the  denfe  Medium  or  Glafs,  and  Fig.  66. 
A  the  rare  Medium  or  Air  *,  R  a  a  Ray  of  Light  coming  out  of 
the  denfe  Medium  into  the  rare,  in  the  Diredion  R  r,  in  which 
it  may  be  refraded  (as  for  Example,  in  an  Angle  of  30  Degrees 
with  the  Perpendicular  P  a).  Let  M  M  be  the  Line  which  limits 
the  Attradion  of  the  Surface  G  G,  which  Attradion  is  exerted  in 
Lines  tending  perpendicularly  from  M  M  to  G  G.  As  foon  as  the 
Ray  of  Light  hath  emerged  at  a9  it  is  attraded  in  the  Diredion 
a  P,  and  therefore  diverted  from  the  Line  a  r,  into  the  new  Diredion 
a  a  •,  at  b ,  it  is  turned  into  the  Line  b  b  ;  at  c,  into  the  Line  c  c  $ 
and  at  d>  into  the  Line  d d  5  fo  that  the  emergent  Ray  will  be  dd% 
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as  if  the  Refraction  had  been  performed  in  the  Point  n ,  and  that 
Point  w^s  in  the  Surface  G  G,  without  any  Curve  at  abed  ;  and 
all  the  reft  as  we  confidered  it  before,  with  this  Difference  only,  viz. 
That  the  Ray  is  bent  juft  as  it  comes  out  for  rather  when  it  is 
come  out)  of  the  denfe  Medium  ;  whereas  before  we  confidered  its 
Bending  before  it  came  into  it. 

Of  the  Bending  of  Rays  in  Reflection. 

Schol.  2.]  But  if  the  Ray  R  a  (Fig.  6y.)  coming  out  of  Glafs  in¬ 
to  Air*  fhould  come  in  fuch  a  Direction  as  to  be  wholly  reflect¬ 
ed,  as  it  will  do  when  the  Angle  R  a  P  is  of  45  Degrees ;  I  fay 
the  Reflection  will  not  be  made  at  the  Surface  G  G,  nor  above  it 
in  the  Glafs ;  but  under  the  faid  Surface,  in  the  Air,  or  even  in  a 
Vacuum,  or  any  Medium  lefs  denfe,  or  rather  lefs  refraCtive  than 
GJafs. 

M  M  reprefents  the  Limits  of  the  Attraction  of  the  Glafs  exerted 
in  a  Direction  from  MM  to  G  G  perpendicularly,  as  we  faid 
before. 

The  Ray  R  moving  in  the  Direction  R  r,  at  its  Emerfion  at 
#,  is,  for  the  Reafons  before  given,  turned  into  the  Direction  a  a; 
then  at  b ,  into  the  Direction  b  b;  at  r,  into  the  Direction  cc  ;  at 
J,  into  the  Direction  d  d  *,  at  <?,  into  the  Direction  e  e  ;  and  at  /, 
into  the  Direction /f  parallel  to  GG;  then  at g,  the  Ray  is  again 
7  turned  towards  the  Glafs,  by  whofe  Attraction  changing  fucceffive- 
ly  into  all  the  Directions  g  g,  i  i,  k  k,  and  / 1  •,  at  laft  it  re-enters 
the  Glafs  in  the  Direction  mm  making  the  fame  Angle  with  the 
Perpendicular  m  p  that  R  a  made  with  a  P.  Now  as  the  Lines  per¬ 
pendicular  to  G  G  drawn  from  M  M  are  infinitely  near,  the  Line 
abcdefghiklm  muft  be  a  Curve;  and  as  M  M  and  GG  are 
extremely  near,  the  Vertex  of  the  Curve  (whofe  Tangent  is/f  pa¬ 
rallel  to  G  G)  will  be  fo  near  the  Point  I,  as  to  be  confidered 
as  co-inciding  with  it,  when  we  compare  the  Angle  of  Incidence 
with  that  of  Reflection  ;  then  alfo  will  the  Space  between  the  Pa¬ 
rallels  p  m  and  Pa  be  fo  far  diminifhed,  that  thofe  two  Lines  may 
be  looked  upon  as  co-inciding,  the  Angles  m  m  p  and  R  a  P  being 
equal,  whether  the  three  Points  m,  I,  a,  co-incide  or  not. 

For  thefe  Reafons,  for  common  Ufe,  one  may  confider  the  Reflec¬ 
tion  from  the  under  Surface  of  the  Glafs  as  made  at  once  in  that 
Surface  at  the  Point  I.  But  when  we  examine  Things  ftriCtly,  Ex¬ 
periments  as  well  as  the  above  Reafoning,  will  fhew,  that  there  is 
fuch  a  Curve  as  we  have  mentioned.  See  Experiment  VI.  Fig.  63, 
%  63,  64.  anc]  64  .  and  we  (ball  mention  others. 

N.  B.  If  any  Point  of  the  Curve  ab  r,  &c.  between  a  and/,  fall 
below  (or  beyond  the  Line  M  M,)  the  Ray  will  then  go  on  in  a 
ftraight  Line  Tangent  to  the  Curve  in  that  Point  where  it  leaves 
the  Line  M  M. 
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Now  let  u$  fuppofe  M  e  d  c  b  a  r  M  (in  the  fame  Fig.)  to  be  Glafs, 
or  any  other  denfe  Medium,  and  m  p  P  R  Air.  or  any  other  rare 
Medium,  and  R  a  a  Ray  of'  Light  moving  in  the  rare  Medium  to¬ 
wards  the  denfe  Medium  in  the  Direction  R  a  towards  r  *,  if  inftead 
of  an  Attraction  at  the  Surface  of  the  Glafs  M  M,  there  be  fup- 
pofed  a  repellent  Force,  whofe  Limits  are  GG  *,  then  will  the  Ray 
by  the  Repul fion  of  the  Surface  M  M  be  bent  into  the  Curve 
a  h  c  defg  h  ikl  m  in  the  fame  Manner  as  we  fhewed  it  would 
be  under  the  Surface  G  G,  when  Gp  P  G  was  confidered  as  a 
denfe  Medium.  Hence  it  follows  that  a  Ray  moving  in  the  Air, 
is  reflected  from  a  fpecular  Surface  of  Glafs,  or  any  other  Mirrour, 
opake  or  diaphanous,  without  touching  the  Paid  Surface. 

N.  B.  That  the  fame  Power  may ,  under  different  Circumfiances, 
attract  to  and  repel  from  the  fa??ie  Surface ,  /ball  he  ?nade  out  in  the 
remaining  Part  of  this  Papers  hut  now  taking fuch  a  Power  for  gr  ant¬ 
ed,  we  will  proceed  in  confidering  the  Flexure  of  Rays  of  Light . 

Let  us  fuppofe  a  Priftn  ACB  (Fig.  68.)  to  have  the  attracting 
Power  of  its  inferior  Surface  extend  as  far  as  the  Line  m  m  •,  if  an¬ 
other  Prifm  GDF  (the  attracting  Force  of  whofe  upper  Surface  ex¬ 
tends  as  far  as  n  n)  be  brought  very  near  to  the  firft  Prifm  ■,  where 
the  attracting  Powers  of  the  Prifms  interfere,  they  will  deftroy  one 
another,  becaufe  they  act  in  contrary  Directions ;  and  thereby  the 
Limits  of  Attraction  of  each  of  the  Surfaces  will  be  contracted  ; 
the  Power  of  A  B  extending  no  farther  than  n  n ,  and  that  of  D  F 
no  farther  than  mm,  wnilft  the  Space  nnmm  lofes  all  the  Force 
that  it  had  (and  would  have  upon  the  Removal  of  either  Prifm) 
to  turn  a  Ray  of  Light,  moving  obliquely,  out  of  its  Direction. 

Now  in  this  Situation  of  the  Prifms,  a  Ray  of  Light  entringthe 
Surface  C  B  at  right  Angles,  will  go  through  the  fecond  Prifm  al- 
fo  at  right  Angles  (not  exactly  in  the  fame  Line,  but)  in  a  Line 
parallel  to  the  Direction  of  the  incident  Ray  :  For  Example,  let 
the  Ray  R  a  (not  refracted  at,  becaufe  perpendicular  to,  the  Sur¬ 
face  CB)  emerge  from  the  firft  Prifm  at  a ,  in  the  Direction  a  r\ 
its  changed  Direction  at  a  will  become  a  a,  and  at  h,  h  b,  or  ra¬ 
ther  the  "Ray  will  be  inflected  in  the  Curve  ah  and  at  h  getting 
out  of  the  Power  of  the  Attraction  of  the  Surface  A  B,  it  will  (for 
the  Reafons  before  given)  move  in  a  ftraight  Line  from  h  to  c , 
where  it  will  be" bene  again  the  contrary  Way  in  the  Curve  cd 
of  the  fame  kind  as  a  h ,  and  laftly  emerge  in  the  Direction  d  d 
parallel  to  the  firft  Direction  R  r.  From  hence  it  follows,  that 
when  the  Prifms  are  brought  fo  near  as  to  touch,  their  mutual  At¬ 
tractions  deftroying  each  other,  the  Rays  of  Light  will  not  be 
bent,  but  pafs  through  the  two  Prifms  (which  in  this  Cafe  perform 
the  Office  of  a  Parallelopiped)  in  the  fame  Direction  with  which 
they  came  into  the  firft  Prifm,  and  confequently  produce  no  Co¬ 
lours  •,  contrary  to  what  is  affirmed  by  Rizzetti  (Page  78,  79,  &c.) 
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and  when  the  Rays  R  a  fall  obliquely  upon  the  Surface  C  B,  the 
Effed  of  their  Refradion  at  their  Immerfion  at  S  to  produce  Co¬ 
lours,  is  taken  off  by  the  Refraction  which  they  fuffer  at  their  E- 
merfion  at  z. 

Exper.  7.]  I  took  the  Cube  of  Fig.  61.  and  looking  obliquely 
thro*  it  at  the  Hole  of  the  Window  of  my  dark  Chamber  (the  Sun 
finning  or  not  fhining)  the  Hole  appeared  entirely  colourlefs,  as  did 
alfo  a  Candle,  both  appearing  fringed  with  Colours  when  feen 
through  the  Prifm.  Then  holding  two  Prifms  together,  as  in  Fig. 
63.  if  the  Hole  of  the  dark  Chamber  be  at  k,  it  appears  white  to 
the  Eye  at  E  ;  but  if  the  Angles  of  the  Prifms  at  B  F  be  a  little 
feparated,  whilft  the  Points  A  D  touch,  the  Hole  will  appear  co¬ 
loured  :  When  the  Surfaces  are  feparated  at  A  D,  and  touch  at 
B  F,  the  Colours  appear  in  an  inverted  Order ;  but  if  the  Sur¬ 
faces  A  D  and  B  F  are  parallel,  whether  they  touch  or  not,  the 
Flole  will  appear  white. 

N.  B.  In  this  Cafe  the  Prifms  muft  he  fimilar ,  that  the  Surface 
F  G  may  he  parallel  to  A  C  ;  otherwife  A  B  and  D  F  muft  he  fo  in¬ 
clined  to  one  another  as  to  render  A  C  and  F  G  parallel.  Indeed 
-  if  one  of  the  Prifms  he  very  far  removed  from  the  other ,  the  hete¬ 
rogeneous  Light  which  entered  in  at  F  G,  may  he  fo  far  fpread  hy  the 
Separation  of  the  differently  refrangible  Rays ,  that  the  Prifm  ABC 
will  not  take  it  all  in  *,  then  the  Eye  behind  the  fecond  Prifm  may 
fee  Colours ,  as  I  fuppofe  Rizzetti  did.  See  Page  79  of  his  Book. 

If  the  Ray  of  Light  R  ah  c  d  d  (Fig.  68.)  changing  its  Direction 
in  the  Manner  above-mentioned,  makes  an  Angle  of  about  45 
Degrees  with  the  Perpendicular  P  a  \  upon  the  removal  of  the 
lower  Prifm,  the  Ray  will  be  turned  up  again,  as  in  Fig  67.  But 
if  the  Angle  P  a  R  be  greater,  the  Ray  will  ftill  be  turned  up 
again  in  a  Curve,  as  ah  c  deft  Fig.  59.  notwithftanding  the  lower 
Prifm  is  at  DF  G  ;  but  if  that  Prifm  be  brought  up  clofer  to  the 
Surface  A  B,  the  Curves  will  be  deftroyed  where  the  Prifms  touch, 
and  all  the  Rays  in  the  Place  of  Contad  brought  down  through  the 
lower  Prifm. 

The  moft  refrangible  Rays  confift  of  fmaller  Particles  than  the 
,;leaft  refrangible  Rays,  and  therefore  muft  have  leaft  Momentum ,  the 
Velocity  of  all  the  Rays  being  the  fame  }  and  confequently  are 
more  eafily  turned  out  of  the  Way  by  Attradion  or  Repulfion, 
which  makes  the  Curves  made  by  the  purple  and  violet  Rays  under 
the  Surface  A  B,  to  be  lefs  and  nearer  the  faid  Surface  than  the 
Curves  made  by  red  and  orange  Rays. 

Suppofe  a  Violet  R^  moving  in  the  Diredion  R r.  Fig.  69.  to  be 
fo  bent  under  the  Surface  A  B,  that  at  the  Vertex  of  the  Curve,  or 
where  its  Tangent  c  c  is  parallel  to  A  B,  there  ftill  remains  a  fmall 
Space  between  the  Curve  and  the  Line  n  n ,  where  the  Limits  of 
Attradion  (contraded  by  the  Proximity  of  the  undermoft  Prifm 
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DF  G  end)  that  Kay  will  be  turned  up  again  in  the  Curve  d  e  fl 
and  fo  reflected  in  the  Line/f,  the  Directions  having  been  fucceflive- 
ly  changed,  as  in  Fig.  67.  But  a  red  Ray  with  the  fame  Inch-  Fir.  67. 
nation,  would  pals  on  into  the  lower  Prifm,  as  was  explained  in 
Fig.  68.  Becaufe  the  Momentum  of  the  red  Ray  being  greater  Fir.  £g. 
than  that  of  the  violet,  the  fame  Degree  of  Attraction  could  not 
give  it  the  fame  Flexure. 

This  is  confirmed  by  Experiment;  for  when  the  lower  Prifm  is  not 
prefied  hard  againft  the  upper  (as  in  Fig.  64.)  the  Rays  brought  pig  c* 
down  to  R  make  a  Spot  of  a  Colour  made  up  chiefly  of  red  and 
orange  Rays  *,  but  when  the  Prifms  are  prefied  clofer,  the  Spot 
grows  bigger  and  perfectly  white  in  its  Middle,  becaufe  all  Sorts 
of  Rays  are  brought  down  to  the  Spot  ;  but  it  is  inclofed  round 
with  a  reddifh  Border,  occafioned  by  the  Parts  of  the  Prifm  which 
are  very  near,  but  not  in  ContaCf,  or  at  leaft  not  near  enough  to 
bring  down  the  green,  blue,  purple  and  violet  Rays. 

This  Jhews  that  the  Reflection  is  not  ?nade  from  the  interior  [olid 
Parts  of  the  Glafs ,  nor  from  the  Parts  in  the  Surface ,  as  Rizzetti 
affirms.  But  this  is  ?nade  more  evident  by 

Exper.S.]  A  Candle  being  in  the  Pofition  K,  the  Eye  at  E,  and  Fig.  70, 
the  Prifm  at  A  B  C  ;  a  ftrong  Image  of  the  Candle  was  feen  at 
k  as  in  Fig.  60.  But  lifting  up  a  Veffel  of  Water  VSS  V  till  Fig.  60. 
the  Surface  of  Water  VV  touched  AB  the  lower  Surface  of  the 
Prifm,  the  Image  of  the  Candle  became  almoft  infenfible,  as  the 
Eye  loft  all  thole  Rays  which  now  were  attracted  into  the  Water. 

And  for  a  farther  Proof,  that  the  Reflection  is  made  under  the 
Surface  and  not  in  it,  when  the  Prifm  was  taken  out  of  the  Wa¬ 
ter,  being  wet  at  its  lower  Surface,  or  having  a  Stratum  of  Water 
(whofe  Surface  was  VV  Fig.  71.)  under  A  B,  the  Image  of  the  Fig.  71. 
Candle  did  again  become  vivid,  the  Rays  being  turned  up  again 
under  V  V.  Indeed  the  Image,  in  this  Cafe,  though  ftrong,  did 
not  appear  well  defined,  by  Reafon  of  the  Unevennefs  of  the  watry 
Surface  VV  Fig.  7 1. 

I  am  very  well  aware  that  Rizzetti  may  anfwer  here,  that  what 
I  have  faid  above,  does  in  fome  Meafure  favour  his  Notions  ;  and 
that  the  Rays  which  (in  Fig.  60.  having  palled  through  A  B,  the  Fig.  60. 
lower  Surface  of  the  Prifm)  are  turned  up  again  to  the  Eye  at  E, 
do  not  fuffer  a  Reflection  but  a  new  Immerfion  ;  for  he  lays,  in 

Page  125. -  “  Anglus  (meaning  Sir  Ifaac  Nezvion )  fecundo  fub- 

“  jungit,  quod  fl  lumen  in  tranfltu  e  vitro  in  aerem  obliquius  incidat , 
ci  quam  in  angulo  graduum  40,  illud  in  totum  refieCfitur.  Ego  vero 
“  refpondeo,  quod  ex  iis,  quae  docui  in  Prop.  4.  Cap.  1.  elicitur 
ct  hanc  non  efie  veram  luminis  refleCtionem,  fed  potius  novam 
“  Immerfionem  ;  &  ideo  nego  quod  ex  ifto  Phaenomeno  fequatur 
“  lumen  a  partibus  corporum  folidis,  aliquo  interjeCto  intervallo, 

“  refleCti.”  And  a  little  lower,  having  quoted  what  Sir  Ifaac 

Newton 


120 


Newton  fays,  concerning  the  blue  Light,  which  coming  from  one 
prifm  obliquely  upon  the  farther  Surface  of  another,  is  wholly  re- 
fleded,  at  the  fame  Inclination  that  the  red  Light  is  wholly  tranf- 

mitted. _ He  fays,  “  Satis  fit  iterum  refpondere,  quod  in  hoc  etiam 

C<  cafa  eft  nova  luminis  immerfio,  quae  dicitur  ab  audore  refledio. 

But  this  is  only  cavilling  about  Words;  for  if  the  Ray  of  Light, 
which  moving  in  a  denfe  Medium  falls  obliquely  on  the  Surface 
common  to  that  and  a  rarer  Medium,  be  turned  back  again  in  the 
denfe  Medium,  fo  as  to  make  the  Angle  in  which  it  returns  from 
the  laid  Surface  equal  to  that  in  which  it  came  to  it ;  this  Return 
of  the  Ray  may  properly  be  called  a  Reflexion,  whether  the  Ray 
be  turned  back  at  the  Point  of  the  Incidence  in  the  Surface,  or 
be  carried  about  the  Point  of  Incidence  in  a  fmall  Curve,  whofe 
Confideration  may  be  omitted  in  tracing  the  Way  of  a  Ray  of 
Light  in  its  Palfage,  for  making  of  optical  Machines.  Whoever 
reads  the  8th  Prop .  of  the  2d  Part ,  Book  II.  of  Sir  Ifaac9 sOpticks, 
may  very  eafily  find  that  he  was  not  ignorant  of  the  turning  back 
of  the  Ray  under  the  Surface  of  the  Glafs  before  it  returned  into 
it :  And  though  the  Reflection  in.  that  Cafe  be  not  made  by  im¬ 
pinging  on  the  folid  Parts  of  the  Glafs,  yet  it  is  owing  to. them  that 
the°Light  faded  upon  at  a  Diftance)  is  turned  up  again,  as  has 
been  fhewn  by  feveral  of  the  Experiments  abovementioned. 

Now  let  us  fee  how  Rizzett? s  Account  of  the  new  Immerfion  a- 
grees  with  Phenomena. 

Fig.  72.  Let  all  above  the  Line  P  p  (Fig.  yi.)  be  a  denle  Medium,  as 

Glafs  ;  and  all  below  it  a  rare  Medium,  as  Air ;  A  B  C  D  is  a 
Beam  of  Light  infenfible  in  Thicknefs,  but  of  fome  Breadth,  whofe 
Rays  cohere  to  one  another,  and  whofe  Sedion  or  firft  Line  is  B  C. 
If  the  Medium  in  which  B  C  is,  did  not  change,  B  C  would  move 
parallel  to  it  felf  in  the  Lines  B  a  and  C  d\  but  as  the  End  C  of 
the  Line  B  C  comes  out  into  a  rare  Medium,  which  being  of  lefs 
Refiftance  to  Light  (for  fo  he  fuppofes)  the  Point  C  moving  with 
more  Facility  than  the  Point  B  deferibes  the  Curve  CFH,  whilft 
B  moving  in  the  denfe  Medium  with  more  Difficulty,  deferibes  the 
Idler  Curve  BEG;  then  the  Point  C  being  got  to  H  is  re-im- 
merfed,  and  the  Line  B  C  being  got  to  H  G  goes  on  in  .the  Diredion 
H  K  G  L  parallel  to  itfelf,  drawing  the  Beam  after  it  in  a  redi- 
linear  Diredion,  after  Part  of  it  has  been  bent  within  the  Glafs  and 
Part  of  it  without. 

Now  if  this  be  true,  and  P  p  7r  be  a  Prifm,  I  beg  to  know  what 
becomes  of  the  Line  at  E  F  which  unites  the  Rays  of  the  Beam  a- 
bout  the  Point  of  Incidence  I,  when  Water  is  brought  to  touch 
the  Surface  P  p,  as  at  A  B  Fig.  70?  If  it  be  laid  that  Water 

Fg’  7°‘  making  a  great  Refifiance,  though  not  fo  great  as  Glafs,  the 
Curve  BEG  deviates  fo  little  from  the  Line  B  a  that  the  Point 
£  comes  below  I,  and  the  Beam  is  wholly  refraded  ;  1  ask  whence 

comes 
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come$  the  faint  Image  at  k  ?  If  it  be  anfwered,  that  fome  Part 
E  I  of  the  Line  E  F  Fig.  72.  is  turned  up  to  the  Eye  at  E  (Fig.  70.)  Fig.  72,  70. 
what  becomes  of  the  lateral  Cohefion  of  Light  on  which  Rizzetti 
founds  his  chief  Proportion,  and  from  which  he  draws  his  Confe- 
quences  ? 

It  would  be  tedious  as  well  as  ufelefs  to  be  particular  in  fhewing 
all  Rizzetti* s  Miftakes  ;  therefore  I  lhali  only  mention  one  more 
Experiment  from  Sir  Ifaac  Newton ,  which  I  repeated  on  Account 
of  what  is  faid  in  Rizzetti* s  Preface,  Page  16,  viz.  that  if  ( accord¬ 
ing  to  Sir  Ifaac)  Rays  were  differently  re  flexible.  Colours  muft  be  pro¬ 
duced  by  Re fle Elion  from  a  plane  Surface  \  but  this ,  fays  our  Author, 
is  contrary  to  Experience.  Now  this  his  Afiertion  is  difproved  by 

Exper.  9.]  As  this  Experiment  was  madeexadlly  in  Sir  Ifaac  New - 
ton* s  Manner,  and  with  the  fame  Succefs,  I  refer  you  to  his  own  Ac¬ 
count.  Vid.  in  Book  I.  Part  II.  Exper.  16. 

If  this  Account  needs  any  farther  Explanation,  let  us  fuppofe  CAB 
the  Se&ionof  the  Prifm  in  Fig.  13  ofSir  Ifaac  Newton ,  transferred  to  Fig.  Fig.  73. 

73.  at  ACB.  If  R  0  be  a  red  Ray  inclined  to  a  Perpendicular  to 
A  B  in  an  Angle  of  more  than  41  or  42  Degrees,  it  will  at  its 
Emerfion  under  the  Surface  A  B  be  turned  into  the  Curve  0  nm  z, 
and  fo  go  up  again  to  the  Eye  at  E  •,  but  another  red  Ray  coming  in 
the  Dire  St.  ion  r  n  making  an  Angle  with  the  Perpendicular  fufR- 
ciently  iefs,  will  after  its  Emerfion  at  n,  be  only  bent  fo  much  as 
to  be  turned  out  of  the  Way,  and  refracted  to  <7,  in  an  Angle  of 
Refraction  agreeable  to  the  Refrangibility  of  red  Light.  But  V  m 
a  violet  Ray  with  the  fame  Inclination  as  the  laft  red  one  rn 
lhali  not  be  refraCted,  but  turned  up  in  the  Curve  m  i  P,  and  fo 
go  to  the  Eye  at  E.  Another  violet  Ray  vm  making  an  Angle 
ibmething  lefs  with  the  Perpendicular,  will  pafs  through  the  Glafs, 
and  be  refraCted  in  the  Line  mS.  Upon  this  Account  all  that  Part 
of  the  Bafe  of  the  Prifm  (of  which  A  B  is  the  SeCtion)  between  A 
and  p  will  be  dark  or  faint,  all  that  Part  between  p  and  n  be  ting¬ 
ed  with  a  bluifh  Colour,  and  all  between  0  and  B  of  a  bright 
White. 

P.  S .]  The  Bending  of  Rays  of  Light  juft  as  they  come  to  be 
reftefted  or  refraCted,  may  be  eafily  understood  by  fuch  as  are  well 
acquainted  with  thofe  Properties  of  Light,  which  Sir  Ifaac  Newton 
calls  their  Fits  of  eafy  RefleEHon ,  and  Fits  of  eafy  Franfinijflon  \  with¬ 
out  any  Hypothefis,  by  Confequences  fairly  drawn  from  Expe¬ 
riments  and  Obfervations.  But  as  Signior  Rizzetti  does  not  feem  to 
have  the  leaft  Notion  of  thofe  Properties  of  Light,  and  the  nice 
Observations  on  which  they  are  founded  ;  and  feveral  other  Perfons 
have  not  Time  to  read  thofe  Parts  of  the  Opticks  with  fuflicient 
Application  *,  to  fhew  how  the  fame  Power  of  the  Surface  of  a 
denfe  Medium  may  both  attract  and  repel  under  different  Circum- 

ftances  -  I  content  myfelf  here  with  giving  the  Hypothefis, 
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which  Sir  1 'faac  does  before  he  comes  to  that  Part  of  his  Book  where  * 
he  demonftrates  the  Fits  abovementioned. 

If  G  G  be  the  Surface  of  a  denfe  Medium  GDDG,  on  which 
a  Tremor  is  caufed  by  the  Warmth  communicated  to  it  by  the 
Rays  of  Light,  fo  as  to  give  a  Wave-like  Motion  to  the  Medium 
immediately  next  to  the  Surface  GG  •,  as  that  vibratory  Motion  is 
performed,  the  Medium  alternately  pufhes  from  the  Surface,  and 
returns  towards  it  (as  is  reprefented  by  the  Pofition  of  the  Darts 
in  the  Figure,)  and  pufhes  back  the  Light,  fo  as  to  refied  it  when  the 
Vibration  is  contrary  to  its  Diredion,  but  brings  it  down  to  be  re- 
fraded  when  the  Vibration  confpires  with  the  fame  Motion. 

See  Book  II.  Part  III.  Prop.  12.  of  Sir  Ifaac  Newton* s  Opticks . 
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II.  When  the  Primary  Rainbow  has  been  very  vivid,  I  have 
obferv’d  in  it,  more  than  once,  a  fecond  Series  of  Colours  within, 
contiguous  to  the  fir  ft,  but  far  weaker,  and  fometimes  a  faint  Ap¬ 
pearance  even  of  a  third.  Thefe  increafe  the  Rainbow  to  a  Breadth 
much  exceeding  what  has  hitherto  been  determin’d  by  Calculation. 
I  remember,  I  had  once  an  Opportunity  of  making  an  ingenious 
Friend  take  notice  of  this  Appearance,  who  was  much  furpriz’d  at 
it,  as  thinking  it  not  to  be  reconciled  with  the  Theory. 

Since  my  laft,  I  have  obferv’d  fomething  of  the  fame  Nature, 
though  not  in  the  fame  degree  of  Perfedion,  the  loweft  Arch  of  a 
faint  °Red  inclining  to  Purple,  appear’d  and  vanifh’d  feveral  times 
while  I  was  obferving  it. 

I  begin  now  to  imagine,  that  the  Rainbow  feldom  appears  very 
lively  without  fomething  of  this  Nature,  and  that  the  fuppofed  ex- 
ad  Agreement  between  the  Colours  of  the  Rainbow,  and  thofe  of 
the  Prifm,  is  the  reafon  that  it  has  been  fo  little  obferv’d. 

I  have  feen  thofe  Phaenomena  in  fuch  perfedion  lately,  that 
I  can’t  help  being  particular  in  my  Account  of  it. 

Augufi  the  2 1  ft,  1722,  about  half  an  hour  paft-5  in  the  Evening,  Wea¬ 
ther  temperate.  Wind  at  N.  E.  the  Appearance  was  as  follows,  viz. 

The  Colours  of  the  Primary  Rainbow  were  as  ufual,  only  the 
purple  very  much  inclining  to  red,  and  well  defin’d  :  Under  this 
was  an  Arch  of  green,  the  upper  Part  of  which  inclin’d  to  a  bright 
yellow,  the  lower  to  a  more  dusky  green  :  Under  this  v/ere  alter¬ 
nately  two  Arches  of  reddifh  purple  and  two  of  green  :  Under  all  a 
faint  Appearance  of  another  Arch  of  purple,  which  vanifh’d  and 
return’d  feveral  times  fo  quick,  that  we  cou’d  not  fteadily  fix  our 
Eyes  upon  it.  Thus  the  Order  of  the  Colours  was 


I.  Red,  Orange- Colour,  Yellow,  Green,  Light-Blue,  Deep- 
Blue,  Purple. 


II.  Light-Green,  Dark-Green,  Purple, 


III. 
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III.  Green,  Purple. 

IV.  Green,  faint  vaniihing  Purple. 

You  fee  we  had  here  four  Orders  of  Colours,  and  perhaps  the 
beginning  of  a  fifth,  for  I  make  no  queftion  but  that  what  I  call 
the  Purple,  is  a  Mixture  of  the  Purple  of  each  cf  the  upper  Series 
with  the  Red  of  the  next  below  it,  and  the  Green  a  Mixture  of  the 
intermediate  Colours.  I  fend  you  not  this  Account  barely  upon 
the  Credit  of  my  own  Eyes  •,  for  there  was  a  Clergyman  and  four 
other  Gentlemen  in  Company,  whom  I  defir’ d  to  view  the  Colours 
attentively,  who  all  agreed,  that  they  appear’d  in  the  manner  that 
I  have  now  deferib’d. 

There,  are  two  things,  which  well  deferve  to  be  taken  notice  of, 
as  they  may  perhaps  diredt  us  in  fome  meafure  to  the  Solution  of 
this  curious  Phenomenon. 

The  i  ft  is, 

That  the  Breadth  of  the  firft  Series  fo  far  exceeded  that  of  any 
of  the  reft,  that  as  near  as  I  could  judge,  it  was  equal  to  them  all 
taken  together.r 

The  2d  is, 

That  I  have  never  obferv’d  thefe  inner  Orders  of  Colours  in  the 
lower  Parts  of  the  Rainbow,  tho’  they  have  often  been  incompa¬ 
rably  more  vivid  than  the  upper  Parts,  under  which  the  Colours 
have  appear’d.  I  have  taken  notice  of  this  fo  very  often,  that  I 
can  hardly  look  upon  it  to  be  accidental,  and  if  it  fhould  prove 
true  in  general,  it  will  bring  the  Difquifition  into  a  narrow  Com- 
pafs  ;  for  it  will  fhew  that  this  Effedt  depends  upon  fome  Proper¬ 
ty,  which  the  Drops  retain,  whilft  they  are  in  the  upper  part  of 
the  Air,  but  lofe  as  they  come  lower,  and  are  more  mix’d  with 
one  another. 

III.  Let  A  B  reprefent  a  Drop  of  Rain,  B  the  Point  from  whence  The  abovemen * 
the  Rays  of  any  determinate  Species  being  reflected  to  C,  and  a \-u°ned Appear- 
terwards  emerging  in  the  Line  C  D,  do  proceed  to  the  Eye,  and 
caufe  the  Appearance  of  that  Colour  in  the  Rainbow,  which  ap-*Pemberton. 
pertains  to  this  Species.  It  is  obferved  by  Sir  Ifaac  Newton  *,  that  N°375-p.  245. 
in  the  Refledtion  of  Light,  befides  what  is  refledted  regularly,  fome 
fmall  part  of  it  is  irregularly  fcattered  every  way.  So  that  from  the  £>.  7c. 
Point  B,  befides  the  Rays  that  are  regularly  refiedfed  from  B  to 
C,  fome  Icattered  Rays  will  return  in  other  Lines,  as  in  B  E, 

B  F,  B  G,  BET,  on  each  Side  the  Line  B  C.  Further  it  muft  be 
noted  from  Sir  Ifaac  Newton  f,  that  the  Rays  of  Light  in  their 

*  Optics,  Book  II.  Part  4.  f  Ibid.  Part  III.  Prop.  xii. 

R  2  Pafiage 
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*The  fame  accounted  for. 


Pafiage  from  one  Superficies  of  a  refrading  Medium  to  the  other 
undergo  alternate  Fits  of  eafy  Tranfmifiion  and  Reflection,  fucceed- 
ing  each  other  at  equal  Intervals  *,  infomuch  that  if  they  reach  the 
further  Superficies  in  one  fort  of  thofe  Fits,  they  fhall  be  tranfmit- 
ted  if  in  the  other  kind  of  them,  they  fhall  rather  be  reflected 
back.  Whence  the  Rays  that  proceed  from  B  to  C,  and  emerge  in 
the  Line -CD,  being  in  a  Fit  of  eafy  Tranfmifiion,  the  fcattercd 
Rays  that  fall  at  a  fmall  Diftance  without  thefe  on  either  fide,  (fup- 
pofe  the  Rays,  that  pafs  in  the  I  fines  B  E,  B  G)  fhall  fall  on  the 
Surface  in  a  Fit  of  eafy  Refledtion,  and  fhall  not  emerge  ;  but  the 
fcattered  Rays,  that  pafs  at  fome  Difiance  without  thefe  laft,  fhall 
arrive  at  the  Surface  of  the  Drop  in  a  Fit  of  eafy  Tranfmifiion, 
and  break  through  that  Surface.  Suppofe  thefe  Rays  to  pafs  in 
the  Lines  B  F,  B  LI  •,  the  former  of  which  Rays  (hall  have  had  one 
Fit  more  of  eafy  Tranfmifiion,  and  the  latter  one  Fit  lefs,  than 
the  Rays  that  pafs  from  B  to  C.  Now  both  thefe  Rays,  when 
they  go  out  of  the  Drop,  will  proceed  by  the  Refraction  of  the 
Water  in  the  Lines  FI,  H  K,  that  will  be  inclined  aim  oft  equal¬ 
ly  to  the  Rays  incident  on  the  Drop,  that  come  from  the 
Sun,  but  the  Angles  of  their  Inclination  will  be  lefs  chan  the 
Angle,  in  which  the  Rays  emerging  in  the  Line  C  D  are  inclined 
to  thofe  incident  Rays.  And  after  the  fame  manner  Rays  fcat- 
xered  from  the  Point  B,  at  a  certain  Diftance  without  thefe,  will 
emerge  out  of  the  Drop,  while  the  intermediate  Rays  are  inter¬ 
cepted  *,  and  thefe  emergent  Rays  will  be  inclined  to  the  Rays  in¬ 
cident  on  the  Drop  in  Angles  dill  lefs  than  the  Angles,  in  which 
the  Rays  F I  and  FI  K  are  inclined  to  them ;  and  without  thefe 
Rays  will  emerge  other  Rays,  that  fhall  be  inclined  to  the  inci 
dent  Rays  in  Angles  yet  lefs.  Now  by  this  means  will  be  form¬ 
ed  of  every  kind  of  Rays,  befides  the  principal  Arch  which  goes 
to  the  Formation  of  the  Rainbow,  other  Arches,  within  every  one 
of  the  Principal,  of  the  fame  Colour,  though  much  more  faint  : 
and  this  for  divers  Succefiions,  as  long  as  thefe  weak  Lights,  which 
in  every  Arch  grow  more  and  more  obfeure,  fhall  continue  vifible. 
Now  as  the  Arches  produced  by  each  Colour  will  be  variou  fiy 
mixed  together,  the  dive rfity  of  Colours  obferved  by  Dr.  Langwitb 
may  well  arife  from  them. 

The  precife  pittances  between  the  principal  Arch  of  each  re- 
fpedfive  Colour  and  thefe  fainter  correfpondent  Arches  depend  on 
the  Magnitude  of  the  Drops  of  Rain.  In  particular,  the  fmalleft 
Drops  will  make  the  fecondary  Arches  of  each  Species  at  the  great- 
eft;  Diftance  from  their  refpedfive  Principal,  and  from  each  other. 
Whence,  as  the  Drops  of  Rain  increafe  in  falling,  thefe  Arches  near 
the  Horizon  by  their  great  Nearnefs  to  their  raped: ive  principal 
Arches  become  vifible. 

Of  Ref  ratting  And  now,  Sir,  we  are  upon  the  Rainbow,  I  fhall  here  take  the 

PorifV*  ^Freedom  of  fettingdown  two  Propofitions,  which  I  have  formerly 

confidered. 
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con  fide  red,  relating  to  this  Subjed.  For  the  greater  Brevity  I  fhall 
deliver  them  under  the  Form  of  Porifms  •,  as,  in  my  Opinion,  the 
Ancients  called  all  Propolitions  treated  by  Analyfis  only. 

Prop.  I.]  In  a  given  ref  raffing  Circle ,  whofe  ref  raffing  Power  is 
givetu  the  Ray  is  given  in  Pofition ,  which  faffing  parallel  to  a  given 
Diameter  of  the  Circle  is  refraffed  by  that  Circle  to  a  Point  given 
in  the  Circumference  of  it. 

Let  ABCD  be  the  given  Circle,  the  given  Diameter  A  C,  and 
given  Point  G  *,  and  let  the  Ray  E  F,  parallel  to  A  C,  be  refrad-  Fig.  76. 
ed  to  G.  I  fay  E  F  is  given  in  Poficion. 

Produce  EF  to  H,  and  draw  the  Diameter  F  I,  drawing  like- 
wife  I  K  Fi,  I  G.  Then  is  H  FI  the  Angle  of  Incidence,  and  GFT 
the  refolded  Angle  •,  fo  that  I  H  being  perpendicular  to  F  H  and 
I  G  perpendicular  to  F  G>  I  H  is  to  I  G  as  the  Sine  of  the  Angle 
of  Incidence  to  the  Sine  of  the  refraded  Angle,  and  the  Ratio  of 
I  H  to  I  G  is  given,  as  likewife  the  Ratio  of  I  K  to  I  G.  There¬ 
fore  I  K  being  perpendicular  to  A  C,  the  Point  I  is  in  a  Conic 
Sedion  given  in  Polition,  whofe  Axis  is  perpendicular  to  A  C,  and 
one  of  its  Foci  is  the  Point  G*.  Confequently  the  Points  IandF 
are  given,  and  lafily  the  Ray  E  F  given  in  Pofition. 

D  1-term,  i.]  It  is  evident,  that  this  conic  Sedion,  may  either 
cut  the  Circle  in  two  Points,  touch  it  in  one  Point,  or  fall  wholly  Fig.  77. 
without  it.  Therefore  let  the  Sedion  touch  the  Circle  in  the  Point 
I,  and  let  I  L  touch  both  the  Sedion  and  the  Circle  in  the  fame 
Point  I.  Then  G  L  being  joined,  the  Angle  under  I  GL  on 
account  of  the  conic  Sedion  is  a  right  one  *f,  fo  that  F  G  L 
is  one  continued  right  Line,  and  IF  is  to  I  L  as  F  G  to  G  I  ; 
as  likewife,  M  being  the  Center  of  the  Circle,  M  I  to  I  L,  or  F  H 
to  H  I,  as  F  G  to  twice  G  I,  becaufe  MI  is  to  l  F  as  G I  to 
twice  G  I.  Hence  by  Permutation  F  H  is  to  F  G  as  HI  to 
twice  G  I  ;  that  is,  as  the  Sine  of  the  Angle  of  Incidence  to  twice 
the  Sine  of  the  refraded  Angle. 

Moreover  F  H  being  to  H  I  as  F  G  to  twice  G  I,  the  Square 
of  F  H  will  be  to  the  Square  of  H  I,  as  the  Square  of  F  G  to  four 
times  the  Square  of  G  I.  Therefore,  by  Compofition,  as  the  Square 
of  F  H  to  the  Square  of  F I  or  of  A  C,  fo  is  the  Square  of  F  G  to 
the  Square  of  F  I  together  with  three  times  the  Square  of  G  I,  and 
fo  likewife  is  the  Excefs  of  the  Square  of  F  G  above  the  Square 
of  F  H  which  equals  the  Excefs  of  the  Square  of  I  H  above  the  Square 
of  I  G,  to  three  times  the  Square  of  G  I  ;  for  as  one  Antecedent  to  one 
Confequent,  fo  is  the  difference  of  the  Antecedents  to  the  difference  of 
the  Confequents.  Hence  in  the  laft  Place,  the  Square  of  half  FH  will  be 
to  the  Square  of  A  M,  as  the  Excefs  of  the  Square  of  I  FI  above  the 

*  See  Papp.  1.  7.  prop.  238.  Milnes  Conic,  part.  4.  prop.  9. 

f  Milnes  Conic,  lib.  8.  prop.  23. 

Square 
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Square  of  I  G  to  three  times  the  Square  of  I  G,  or  as  the  Excels 
of  the  Square  of  the  Sine  of  Incidence  above  the  Square  of  the  Sine 
of  Refradion,  to  three  tildes  the  Square  of  the  Sine  of  Refradion. 

Determ.  2.]  Draw  the  Diameter  GO  and  the  Tangent  OP, 
meeting  G  F  produced  in  Qj  then  the  Angle  under  I  F  G  is  equal 
to  the  Angle  under  O  G  F,  the  Angle  under  F  I  L  equal  to  that 
under  G  O Q^,  both  being  right,  and  F  I  is  equal  to  GO  ; 
whence  the  Triangles  GOQ,  FIL  are  fimilar  and  equal  ;  fothat 
G  Q  is  equal  to  F  L,  and  the  Point  F  in  an  Hyperbola  palling 
through  G,  whofe  Afymptotes  are  AC  and  OP*. 

prop.  2.]  A  refraCling  Circle  and  its  refraining  Power  being  given, 
the  Ray  is  given  in  Pofition ,  which ,  faffing  parallel  to  a  given  Dia¬ 
meter  of  the  Circle ,  after  its  Refraction ,  is  fo  reflected  from  the  far¬ 
ther  Surface  of  the  Circle ,  as  to  be  inclined  to  its  incident  Courfe  in  a 
given  Angle. 

,  Let  A  BCD  be  the  given  Circle;  let  A  C  be  the  given  Dia¬ 
meter,  EF  the  incident  Ray  parallel  to  it,  which  beipg  refraded 
into  the  Line  F  G  fhall  fo  be  refleded  from  the  Point  G  in  the 
Line  G  H,  that  E  F  and  H  G  being  produced,  till  they  meet  in 
I,  the  Angle  under  El  H  fhall  be  given. 

Let  K  be  the  Center  of  the  Circle,  and  KF,  KG  be  joined  ; 
let  the  Semidiameter  LK  be  parallel  to  the  refraded  Ray  F  G, 
and  M  K  being  taken  to  the  Semidiameter  of  the  Circle  in  the 
Ratio  of  the  Sine  of  Incidence  to  the  Sine  of  Refradion ;  let  LM 
be  joined,  and  laftly  make  the  Angle  under  K  M  N  equal  to  half 
?the  given  Angle  under  EI  H.  This  being  done,  if  F  G  be  pro¬ 
duced  to  O,  F  O  fhall  be  to  K  O  as  the  Sine  of  the  Angle  of 
Incidence  to  the  Sine  of  the  refraded  Angle,  that  is,  as  M  K  to  K  L  ; 

■  in  fo  much  that  KL  being  parallel  to  F  O,  and  the  Angle  under 
MKL  equal  to  that  under  F  O  K,  the  Angle  under  MLK  fhall 
be  equal  to  that  under  F  K  O,  and  the  Angle  under  K  L  M  equal 
to  that  under  KF  O  equal  to  that  under  F  GK  or  half  that  under 
F  G  H,  whence  the  Angle  under  K  M  N  being  equal  to  half 
the  Angle  under  FIH,  the  refiduary  Angle  under  NML  will 
be  equal  to  half  the  Angle  under  IFG,  or  to  half  that  under 
MKL.  Therefore  LC  being  drawn,  the  Angle  under 
L  M  N  will  be  equal  to  that  under  M  C  L  ;  and  in  the  lad  Place, 
if  M  C  be  divided  into  two  equal  Parts  in  P,  and  P  Q^R  be 
drawn  parallel  to  C  L,  the  Angle  under  QJVI R  will  be  equal  to 
that  under  R  P  M,  and  the  Triangles  QJVI  R,  MPR  fimilar,  fo 
that  the  Redangle  under  PRQ  fhall  be  equal  to  the  Square  of 
MR.  Whence  RL  being  equal  to  MR,  the  Point  L  fhall  be 
in  an  equilateral  Hyperbola ,  touching  the  Line  MN  in  the  Point 
M,  and  having  the  Point  P  for  its  Center  f .  But  this  Hyperbola 

*  Apoll.  Conic.  1.  2.  prop.  8. 

i  Apoil.  Conic.  lib.  x.  prop.  37.  compared  with  lib.  7.  prop.  23. 
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is' given  in  Pofition,  and  confequently  the  Point  L,  the  Angle  un¬ 
der  M  L  K,  and  the  equal  Angle  under  C  K  F  will  be  given,  and 
therefore  the  RayEF  is  given  in  Pofition. 

Determ,  i.]  Let  the  Hyperbola  touch  the  Circle  in  the  Point  L,  Fig. 
and  let  their  common  Tangent  be  L  S  *,  draw  LT  parallel  to 
MN,  fo  as  to  be  ordinately  applied  in  the  Hyperbola  to  the  Dia¬ 
meter  C  M.  Whence  L  S  touching  the  Hyperbola  in  L,  P  T  will 
be  to  T  L  as  T  L  to  T  S  *,  and  the  Angle  under  T  S  L  equal  to 
that  under  TLP,  but  as  the  Angle  under  S  C  L  is  equal  to  that 
under  NML,  the  fame  is  equal  to  the  Angle  under  TLM; 
therefore  the  Angle  under  SL  C  is  equal  to  the  Angle  under 
MLP.  Farther,  M  L  being  produced  to  V  and  V  C  joined,  the 
Angle  under  L  V  C  is  equal  to  that  under  S  L  C,  by  reafon  that 
LS  touches  the  Circle  in  L;  hence  the  Angles  under  LVC  and 
under  MLP  are  equal,  L  P,  V  C  are  parallel,  and  MP  being 
equal  to  P  C,  M  L  is  equal  to  LV  j  and  K  W  being  let  fall 
perpendicular  to  L  V,  M  W  is  equal  to  three  times  L  W.  But 
now  if  the  incident  Ray  E  F  be  produced  to  X,  the  Angle  under 
MLK  being  equal  to  that  under  CKF,  or  to  that  under  E  F  K, 

F  X  fhall  be  equal  to  L  V,  equal  to  twice  L  W ;  and  the  Angle 
under  K  M  L  being  equal  to  that  under  K  FG;  fince  K  W  is 
perpendicular  to  M  W,  F  G  fhall  be  to  twice  M  W  as  M  K  to 
KF,  or  as  the  Sine  of  Incidence  to  the  Sine  of  Refradion  :  whence 
M  W  being  equal  to  three  times  L  W,  F  X  fhall  be  to  F  G  as 
the  Sine  of  Incidence  to  three  times  the  Sine  cf  Refradion. 

Moreover,  M  W  being  equal  to  three  times  L  W,  the  Square  cf 
M  W  will  be  equal  to  nine  times  the  Square  of  LW,  and  the 
Redangle  under  VML,  or  the  Redangle  under  CM  A,  that  is, 
the  Excefs  of  the  Square  of  K  M  above  the  Square  of  K  A,  will 
be  equal  to  eight  times  the  Square  of  L  W  ;  therefore  the  Square 
of  L  W  or  the  Square  of  half  F  X  will  be  to  the  Square  of  K  L, 
or  of  K  A,  as  the  Excefs  of  the  Square  of  K  M  above  the  Square  of 
K  A  to  eight  times  the  Square  of  K  A,  that  is,  as  the  Excefs  of 
the  Square  of  the  Sine  of  Incidence  above  the  Sine  of  Refradion,  to 
eight  times  the  Square  of  the  Sine  of  Refraction. 

Determ.  2.]  Draw  AY  parallel  to  M  N,  and  AZ  parallel  to  MY : 
then  is  the  Angle  under  Y  A  Z,  equal  to  that  under  L  M  N,  which  is 
equal  to  that  under  L  C  A  •,  whence  the  Arches  A  I,  Y  Z  are  equal  ; 
but  the  Arches  A  L,  V  Z  are  likewife  equal,  becaufe  L  V,  A  Z  are 
parallel,  therefore  YV  being  joined,  and  L  F  drawn  perpendicular 
to  A  C,  the  Chord  V  Y  fhall  be  the  double  of  L  F  ;  but  V  A  be¬ 
ing  likewife  let  fall  perpendicular  to  A  C,  becaufe  M  V  is  the  double 
of  ML,  V  A  fhall  be  the  double  of  L  r  ;  and  therefore  V  a  and 
V  Y  fhall  be  equal ;  whence  the  Point  V  fhall  be  in  a  Parabola , 
whofe  Focus  is  the  Point  Y,  its  Axis  perpendicular  to  A  C,  and 

*  Apoil.  Conic,  lib,  1.  prop.  37.  compered  with  lib.  7.  prop.  23, 
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die  Latus  retium,  belonging  to  that  Axis,  equal  to  twice  the  per¬ 
pendicular  let  fall  from  Y  upon  A  C  *.  But  if  K  V  be  joined,  the 
Ano-le  under  L  K  V  is  equal  to  twice  the  Complement  to  a  right 
Angle  of  the  Angle  under  K  L  V,  which  is  equal  to  the  Angle  of 
Incidence,  and  exceeds  the  refra&ed  Angle  by  the  Angle  under 

^  The  Determinations  of  thefe  two  Propofitions,  have  relation  to 
the  firft  and  fecond  Rainbow  ;  thofe  of  the  firft  Propofition  refpeft- 
jllCr  the  interior,  and  thofe  of  the  fecond  the  exterior.  The  firft 
Determinations  of  thefe  two  Propofitions  afiign  the  Angles,  under 
which  each  Rainbow  will  appear  in  any  given  refra&ing  Power  of 
the  tranlparent  Subftance,  by  which  they  are  produced  ;  the  latter 
Determinations  of  thefe  Propofitions  teach  how  to  find  the  refracting 
Power  of  the  Subftance,  from  the  Angles  under  which  the  Rain¬ 
bows  appear  •,  the  Angle  under  C  M  G,  in  the  Determinations  of 
the  firft  Propofition,  being  half  the  Angle  which  meafures  the  Dif- 
tanceof  the  interior  Bow  from  the  Point  oppofite  to  the  Sun;  and 
in  the  Determinations  of  the  fecond  Propofition,  the  Angle  under 
CMN  is  half  the  Complement  to  a  right  Angle  of  half  the  Angle 
that  meafures  the  Diftance  of  the  exterior  Bow,  from  the  Point  op¬ 
pofite  to  the  Sun.  But  whereas  thefe  latter  Determinations  require 
folid  Geometry,  it  may  not  be  amifs  here  to  fliew  how  they  may 
be  reduced  to  Calculation,  feeing  the  Obfervation  of  thefe  Angles, 
as  the  learned  Dr.  Halley  has  already  remark’d  f ,  affords  no  in¬ 
convenient  Method  of  finding  the  refracting  Power  of  any  Fluid, 
or  indeed  of  any  tranfparent  Subftance,  if  it  be  formed  into  a  fphe- 
rical  or  cylindrical  Figure.  For  this  purpofe  therefore  I  have  found, 
that  in  the  latter  Determination  of  the  firft  Propofition,  if  the  Sine 
of  the  Angle  under  C  M  G  be  denoted  by  a,  the  Tangent  of  the 
Complement  of  this  Angle  to  a  right  one  be  denoted  by  b,  and  the 
Secant  of  this  Complement  by  c  ;  the  Root  of  this  Equation  z  3  — 


%aaz=z2  a  ax  2  c  —  a  will  exceed  the  Sine  of  the  Angle  under  F  M  A, 
that  is,  the  Sine  of  the  Angle  of  Incidence,  by  the  Sine  of  the  Angle 
under  C  M  G  ;  and  the  Sine  of  the  Angle  under  F  M  O,  which  is 
double  the  retraced  Angle,  will  be  the  Root  of  this  Equation  x3  -+- 
■^aax  —  Aoab-,  this  Angle  being  acute,  when  the  Tangent  of  the 
Angle  under  CMG  is  lets  than  half  the  Radius,  or  when  the  Angle 
itfeff'  is  lefs  than  26  Deg.  33'.  54".  11'",  and  when  this  Tangent  is 
more  than  half  the  Radius,  the  Angle  under  O  M  F  is  obtufe. 

The  Roots  of  thefe  cubic  Equations  are  found  by  feeking  the 
firft  of  two  mean  Proportionals,  between  each  of  the  verfed  Sines 
appertaining  to  the  Arches  C  G,  AG,  and  the  Sine  of  thofe  Arches, 

*  Vide  de  la  Hire,  Seft.  Conic,  lib.  8.  prop.  1,  3. 
f  Pbilo/ofb.  TranfaS.  N°.  267.  p<rg.  722. 
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counting  from  the  verfed  Sines  ;  for  the  Sum  of  thefe  two  mean 
Proportionals  is  the  Root  of  the  former  Equation,  and  the  Difference 
between  them  the  Root  of  the  latter  ;  as  may  be  collected  from 
Cardan’s  Rules. 

And  hence  likewife  if  the  firft  and  laft  of  the  five  mean  Propor¬ 
tionals,  between  the  Sine  and  Cofine  of  half  the  Angle  under  C MG 
be  found,  twice  the  Sum  of  the  Squares  of  thefe  mean  Proportionals 
applied  to  the  Radius  exceeds  the  Sine  of  the  Angle  of  Incidence 
by  the  Sine  of  the  Angle  under  CMG;  and  twice  the  Difference 
of  the  Squares  of  the  fame  mean  Proportionals  applied  to  the  Ra¬ 
dius  is  equal  to  the  Sine  of  double  the  refradted  Angle.  Moreover 
this  double  of  the  refradted  Angle  exceeds  the  Angle  of  Incidence 
by  the  Angle  under  CMG. 

In  the  latter  Determination  of  the  fecond  Propofition  draw  K  Y,  fig. 
and  AY  being  parallel  to  M  N,  the  Angle  under  CK  Y  will  be 
equal  to  twice  the  Angle  under  CMN,  that  is  equal  to  the  Com¬ 
plement  of  half  the  Diftance  of  the  exterior  Rainbow  from  the 
Point  oppofite  to  the  Sun.  Then  putting  a  for  the  Radius  A  K, 
and  b  for  the  Sine  of  the  Angle  under  C  K  Y,  the  Sine  of  the 
Angle  under  AKV  will  be  the  Root  of  this  Equation,  3? 4  +^by 5 
—  $  aaby  -t-  4-aa  b  b=iO.  But  the  Angle  of  Incidence  and  Refrac¬ 
tion  may  alfo  be  found  as  follows. 

Let  two  mean  Proportionals  between  the  Radius  and  the  Sine  of 
the  Angle  under  C  K  Y  be  found,  then  take  the  Angle,  whofe  Co¬ 
fine  is  the  firft  of  thefe  mean  Proportionals,  counting  from  the  Ra¬ 
dius  \  and  alfo  the  Angle  whofe  Sine  together  with  the  fecond  mean 
Proportional  fhall  be  to  the  Radius .,  as  the  Cofine  of  the  Angle 
under  C  K  Y,  to  the  Sine  of  the  Angle  before  found.  The  Sum  of 
thefe  three  Angles  is  double  the.  Complement  to  a  right  one  of  the 
Angle  under  AKL,  the  Angle  under  KML,  or  the  refradted  Angle, 
being  equal  to  half  the  Sum  of  this  Angle  under  AKL  and  the 
Angle  under  CKY-,  as  in  the  laft  Place  the  Angle  under  K  L  V, 
i.  e.  the  Angle  of  Incidence,  equal  to  the  Sum  of  the  Angles  under 
KML  and  under  M  K  L. 

I  need  not  obferve,  that  the  geometrical  Methods  of  deducing 
thefe  Angles  of  Incidence  and  Refradlion,  from  the  Angle  meafur- 
ing  the  Diftance  of  each  Rainbow  from  the  Point  oppofite  to  the  Sun* 
afford  very  expeditious  mechanical  Conftrudtions. 

IV.  This  curious  and  valuable  Legacy  left  by  the  laft  Will  and  Art  Account  of 
Teftamentof  the  late  Mr.  Leeuwenhoek  to  the  Royal  Society ,  confifts 
of  a  fmall  Indian  Cabinet,  in  the  Drawers  of  which  are  13  littley^/  by  Mr 
Boxes  or  Cafes,  each  containing  two  Microfcopes,  handfomely  fit-Folkes,  V.  P-* 
ted  up  in  Silver,  all  which,  not  only  the  Glafies,  but  alfo  the 
paratus  for  managing  of  them,  were  made  with  the  late  Mr.  Leeuzven- 
hoek’s  own  Hands :  Befides  which,  they  feem  to  have  been  put  in 
Order  in  the  Cabinet  by  himfelf,  as  he  defign’d  them  to  be  pre- 

Vol.  VI.  S  fented 
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fented  to  the  Royal  Society,  each  Microfcope  having  had  an  Ohjeft 
placed  before  it,  and  the  Whole  being  accompany’d  with  a  Re¬ 
gifter  of  the  fame,  in  his  own  Hand-Writing,  as  being  defirous  the 
Gentlemen  of  the  Society  lhould,  without  Trouble,  be  enabled  to 
examine  many  of  thofe  Objects,  on  which  he  had  made  the  mod 

confiderable  Difcoveries.  . 

Several  of  thefe  Objects  yet  remain  before  the  Microfcopes,  ther 
the  greater  Number  are  broken  off,  which  was  probably  done  by 
the  lhaking  of  the  Boxes  in  the  Carriage.  I  have,  neverthelefs,  ad¬ 
ded  a  Tranflation  of  the  Regifter,  as-  it  may  ferve  to  give  a  jufter 
Idea  of  what  Mr.  Leeuwenhoek  defign’d  by  this  Legacy,  and  alfo  be 
©f  Ufe,  by  putting  any  curious  Obferver  in  Mind  of  a  Number  erf" 
Minute  Subjects,  that  may  in  a  particular  Manner  deferve  his  At¬ 
tention.  ,  . 

The  13  Cafes  abovemention’d  are  numbered  from  15  to  27  in- 

clulively,  correfponding  to  which  is  the  Regifter  of  the  Objects, 
two  to  every  Cafe,  as  follows. 


r- 1  Globules  of  Blood,  from  which  its  Rednefs  proceeds. 
Cafe  1.  N°  i5-<  2  A  thin  Slice  of  Wood  of  the  Lime-Tree,  where  the 

C  Veffels  conveying  the  Sap  are  cut  tranfverfely. 

Cafe2.  N°  16.J*  The  Eyeof  a  Gnat. 

riA  crooked  Hair,  to  which  adheres  a  Ring- Worm, 
j  with  a  Piece  of  the  Cuticle. 

Caie3.  lsi  i7*^2  A  fmall  Hair  from  the  Hand,  by  which  it  appears 

^  thofe  Hairs  are  not  round, 
i  Flefh  of  the  Codfifli  {Cabeljaeuw)  fhewing  how  the 
r  XT0  Q  \  Fibres  lie  oblique  to  the  Membranes. 

Lale4.  JN  1  y  2  An  Embrio  of  Cochineal,  taken  from  the  Egg,  in 

C  which  the  Limbs  and  Homs  are  confpicuous. 
r*  i  Small  Pipes,  which  compofe  the  Elephant’s  Tooth. 
Cafe  5.  N°  19.^2  Part  of  the  Cryftalline  Humour,  from  the  Eye  of 

C  a  Whale. 

I  .  A  Thread  of  Sheeps-Wool,  which  is  broken,  and 
appears  to  confift  of  many  lefier  Threads. 

12  The  Inftrument,  whence  a  Spider  fpins  the  Threads, 
that  compofe  his  Web. 
r  r  -  xto  -  C  1  A  Granade,  or  Spark  made  in  ftriking  Fire. 

^ale  7-  ^  21 ‘1 2  The  Veffels  in  a  Leaf  of  Tea. 

c  i  The  Animalcula  in  Semine  Mafculino ,  of  a  Lamb 
Cafe  8.  N°  22»<  taken  from  the  Tefticle,  July  24.  1702. 

c.  2  A  Piece  of  the  Tongue  of  a  Hog,  full  of  fharp  Points. 

V  1  A  Fibre  of  Codfilh,  confuting  of  long  flender  Par- 
Cafe  9.  N?  23.^  tides. 

6.2  Another  of  the  fame- 
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,  c  i  A  Filament,  conveying  Nourifhment  to  the  Nut- 

to  N°  21  J  meg,  cut  tranfverfly. 

S 2  Another  Piece  of  the  fame,  in  which  the  Figure 
C  of  the  Veffels  may  be  feen. 
r'  i  Part  of  the  Bone  or  Tooth  abovementioned,  con- 
r»frTr  fitting  of  hollow  Pipes. 

^  An  exceeding  thin  Membrane,  being  that  which 
**  cover’d  a  very  fmall  Mufcle. 

i  Veffels  by  which  Membranes  receive  Nourifhment 
Cafe  1 2.  N°  2 6.J  and  Increafe. 

C  2  ABunch  of  Hair  from  thelnfedb  call’d  aFIair-Worm. 

^  r  mo  S’  i  The  double  Silk,  fpun  by  the  Worm. 

Cafe  13.  N°  27.}2  The  0  of  Sj  h[  of  a  F, 


It  were  endlefs  to  enter  into  any  Particulars,  of  what  is  to  be 
obferved  in  any  of  thefe  ObjeCts,  or  indeed  to  give  any  Account 
of  Mr.  Leeuwenhoek's  Difcoveries  ;  they  are  fo  numerous  as  to  make 
up  a  confiderable  Part  of  the  Philofophical  Tranfaftions,  and  when 
collected  together,  to  fill  four  pretty  large  Volumes  in  Quarto, 
which  have  been  publifh’d  by  him  at  feveral  Times :  And  of  fuch 
Confequence,  as  to  have  opened  entirely  new  Scenes  in  fome  Parts 
of  Natural  Philofop 31,  as  we  are  all  fenfible,  in  that  famous  Difcove- 
ry  of  the  Anmalcula  in  Semine  MafculinOy  which  has  given  a  per¬ 
fectly  new  Turn  to  the  Theory  of  Generation,  in  almoft  all  the 
Authors  that  have  fince  wrote  upon  that  Subjeci. 

For  the  Conft ruCtion  of  thefe  Inftruments,  it  is  the  fame  in  them 
all,  and  the  Apparatus  is  very  fimple  and  convenient  :  They  are 
all  fingle  Microfcopes,  confifting  each  oFa  very  fmall  double  C011- 
vex-Glafs,  let  into  a  Socket,  between  two  Silver  Plates  rivetted  to¬ 
gether,  and  pierc’d  with  a  fmall  Hole  :  The  ObjeCl  is  placed  on  a 
Silver  Point,  or  Needle,  which,  by  Means  of  Screws  of  the  fame 
Metal,  provided  for  that  Purpofe,  may  be  turn’d  about,  rais’d,  or 
deprefs’d,  and  brought  nearer,  or  put  farther  from  the  Glafs,  as 
the  Eye  of  the  Gbferver,  the  Nature  of  the  ObjeCl,  and  the  conve¬ 
nient  Examination  of  its  feveral  Parts  may  require. 

Mr.  Leeuwenhoek  fix’d  his  Objects,  if  they  were  folid,  to  this 
Silver  Point,  with  Glew ;  and  when  they  were  Fluid,  or  of  fuch 
a  Nature  as  not  to  be  commodioufly  view’d  unlefs  fpread  upon 
Glafs,  he  fir  ft  fitted  them  on  a  little  Plate  of  Talk,  or  exceftively 
thin-blown  Glafs,  which  he  afterwards  glewed  to  the  Needle,  in 
the  fame  Manner  as  his  other  Objedls. 

The  Obfervation,  indeed,  of  the  Circulation  of  the  Blood,  and 
fome  others,  require  a  fomewhat  different  Apparatus ,  and  fuch  a 
one  he  had,  to  which  he  occafionally  fix’d  thefe  fame  Microfcopes  ; 
but  as  it  makes  no  Part  of  this  Cabinet,  I  fhall  omit  giving  any 
farther  Account  of  it,  only  taking  Notice  that  it  may  be  fcen  in 

S  2  a  Let- 
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a  Letter  to  tHe  Royal  Society ,  of  the  12th  of  January ,  1689,  and 
printed  in  his  Arcana  Nature  Deteffa,  N°.  69.  But  I  was  willing 
to  mention ‘juft  fo  much,  as  it  may  ferve  to  fhew  the  univerlal  Ufe 
of  thefe  Microfcopes,  and  as  it  induces  me  (among  other  Things) 
to  believe,  thefe  were  the  Kind  of  Microfcopes  generally,  if  not  folely, 
us5d  by  this  curious  Gentleman  in  all  his  Obfervations,  and  to  which 
we  are  oblig’d  for  his  moft  furprizing  Difcoveries. 

Another  Particular,  to  the  fame  Purpofe,  I  would  not  omit, 
and  that  is,  That  upon  the  late  Queen  Mary's  doing  Mr.  Leeu¬ 
wenhoek  the  Honour  of  a  Yifit  at  Delft ,  and  viewing  his  Curiofities* 
with  great  Satisfaction,  he  prefented  her  with  a  Couple  of  his  Mi¬ 
crofcopes,  which,  as  I  have  been  inform’d  by  one  who  had  them 
a  confiderable  Time  in  his  Hands,  were  of  the  fame  Sort  as  thefe, 
and  did  not  any  ways  differ  from  one  of  the  13  Cafes  contain’d  in 
the  Drawers  of  this  Cabinet. 

The  Glaffes  are  all  exceedingly  clear,  and  fhew  the  Objed  very 
bright  and  diftind,  which  muft  be  owing  to  the  great  Care  this 
Gentleman  took,  in  the  Choice  of  his  Glafs,  his  Exaclnefs  in  giv¬ 
ing  it  the  true  Figure  ;  and  afterwards,  amongft  many,  referving 
fuch  only  for  his  Ufe,  as  he,  upon  Tryal,  found  to  be  moft  excel¬ 
lent.  Their  Powers  of  magnifying  are  different,  as  different  Sorts 
of  Objeds  may  require  ;  and,  as  on  the  one  Hand,  being  all  ground 
Glaffes,  none  of  them  are  fo  (mail,  and  confequendy  magnify  to  fo 
great  a  Degree,  as  fome  of  thofe  Drops,  frequently  us’d  in  other 
Microfcopes  *,  yet,  on  the  other,  the  Diftindnefs  of  thefe  very  much 
exceeds  what  I  have  met  with  in  the  Glaffes  of  that  Sort  i  and 
this  was  what  Mr.  Leeuwenhoek  ever  principally  propos’d  to  him- 
felf,  rejeding  all  thofe  Degrees  of  magnifying  in  which  he  could 
not  fo  well  obtain  that  End  •,  for  he  informs  us  in  one  of  his  Let¬ 
ters,  where  he  is  fpeaking  of  the  exceffive  Praife  fome  give  to  their 
Glaffes  on  this  Account,  that  although  he  had  above  Forty  Years 
had  Glaffes  by  him  of  an  extraordinary  Smallnefs,  he  had  made 
but  very  little  Ufe  of  them  *,  as  having  found,  in  a  long  Courfe  of 
Experience,  that  the  moft  confiderable  Difcoveries  were  to  be  made 
with  fuch  Glaffes  as,  magnifying  but  moderately,  exhibited  the  Ob- 
jed  with  the  moft  perfed  Brightnefs  and  Diftindion. 

But  however  excellent  thefe  Glaffes  may  be  judg’d,  Nit.  Leeuwen¬ 
hoek's  Difcoveries  are  not  entirely  to  be  imputed  to  their  Goodnels 
only  :  His  own  great  Judgment,  and  Experience  in  the  Manner  of 
ufmg  them,  together  with  the  continual  Application  he  gave  to  that 
Bufinefs,  and  the  indefatigable  Induftry  with  which  he  contempla¬ 
ted  often  and  long  upon  the  fame  Subjed,  viewing  it  under  many 
and  different  Circumftances,  cannot  but  have  enabled  him  to  form 
better  judgments  of  the  Nature  of  his  Objeds,  and  fee  farther  into 
their  Conftitution3  than  it  can  be  imagined  any  other  Perfon  can 
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do,  that  neither  has  the  Experience,  nor  has  taken  the  Pains  this 
curious  Author  had  fo  long  done. 

Nor  ought  we  to  forget  a  Piece  of  Skill,  in  which  he  very  par¬ 
ticularly  excell’d,  which  was  that  of  preparing  his  Objedls  in  the 
belt  Manner,  to  be  view’d  by  the  Microfcope  ;  and  of  this  I  am 
perfwaded,  any  one  will  be  fatisfied,  who  fhall  apply  himfelf  to 
the  Examination  of  fome  of  the  fame  Objedls  as  do  yet  remain  be¬ 
fore  thefe  Glades ;  at  leafl,  I  have  my  felf  found  fo  much  Difficul¬ 
ty  in  this  Particular,  as  to  obferve  a  very  fenfible  Difference  be¬ 
tween  the  Appearances  of  the  fame  Objedt,  when  apply’d  by  my 
felt,  and  when  prepared  by  Mr.  Leeuwenhoek ,  tho’  view’d  with 
Glades  of  the  very  fame  Goodnefs. 

I  have  the  rather  infilled  upon  this,  as  it  may  be  a  Caution  to 
us,  that  we  do  not  rafhly  condemn  any  of  this  Gentleman’s  Obfer- 
vations,  tho’  even  with  his  own  Glafies,  if  we  fhould  not  immediate¬ 
ly  be  able  to  verify  them  our  felves.  We  are  under  very  great- 
Difadvantages  for  want  of  the  Experience  he  had,  and  he  has  him¬ 
felf  put  us  in  Mind,  more  than  once,  that  thole  who  are  the  bell 
{kill’d  in  the  Ufe  of  magnifying  Glafies,  may  be  milled,  if  they 
give  too  fudden  a  Judgment  upon  what  they  fee,  or  till  they  have 
been  afiured  from  repeated  Experiments.  But  we  have  feen  fo  many, 
and  thofe  of  his  moil  furprizing  Difcoveries,  fo  perfectly  confirmed,, 
by  great  numbers  of  the  moll  curious  and  judicious  Obfervers,  that 
there  can  furely  be  no  reafon  to  dillruft  his  accuracy  in  thofe  others, 
which  have  not  yet  been  fo  frequently  or  carefully  examined. 


V.  The  Inflrument  confills  of  a  metalline  Speculum,  about  fix  ^  ^ . w 

Inches  in  Diameter.  The  Radius  of  the  Sphere,  on  which  its  con-  ^  Refleainv 
cave  Surface  was  ground,  is  ten  Feet,  five  Inches  and  one  quarter,  Telefcope,made 
and  confequently  its  focal  Length  is  62  finches.  The  Back  has hMr. J.Had- 
a  hollow  Screw  made  at  its  Centre,  to  receive  the  End  of  a  Handle,  V' 
which  is  ferew’d  on,  whenever  the  Metal  is  to  be  moved,  in  order  ^ 
to  avoid  fullying  its  polifh’d  Surface  by  handling. 

This  Objedl-Metal  A,  Fig.  84.  is  placed  in  one  End  of  an 
odlangular  Tube,  B  B,  about  fix  Feet  long,  and  fomething  wider 
than  what  is  fufficient  to  receive  the  Metal,  dyed  black  on  the  In¬ 
fide.  About  fix  or  feven  Inches  in  Length  of  the  three  uppermoll 
Sides  of  the  Tube  C  (toward  that  End,  at  which  the  Metal  is 
plac’d)  are  feparated  from  the  refl,  and  open  with  two  Hinges, 
to  make  room  -for  the  Metal  to  be  put  in  and  taken  out.  The  Fig.  84.. 

End  of  the  Tube  is  clofed  by  an  odlangular  Piece  of  Board  D, 
which  has  an  opening  d,  about  f  of  an  Inch  broad,  from  the  Top 
down  to  a  little  below  the  Centre,  to  give  room  for  the  before- 
mention’d  Handle,  when  the  Objedl-Metal  is  lifted  into  or  out  of 
the  Tube  ;  at  other  times  it  is  clofed  with  a  Aiding  Shutter.  The 
Metal  is  placed  fo,  as  to  have  fits  Axis  coincide  with  that  of  the 

Tube, 
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Tube,  by  the  means  of  three  fmall  Buttons  fix’d  to  the  Infide  of 
the  Tube,  having  their  hinder  Ends  all  in  the  fame  Plane,  to  which 
this  Axis  is  perpendicular.  Two  of  thefe  appear  at  a  a,  the  third 
being  at  the  middle  of  the  Bottom  of  the  Tube,  is  not  feen..  The 
r  forefide  of  the  Metal  refts  againft  thefe  Buttons  in  three  Points  of 
■  its  Circumference,  nearly  equidiftant  from  each  other,  and  is  held 
-  to  them  by  three  Screws,  (one  of  which  appears  at  b)  which  run 
'through  the  odtangular  Board  at  the  End  of  the  Tube,  and  bear 
ao-ainfl  the  Back  of  the  Metal,  (in  three  Points,  which  diredUy 
anfwer  thofe  three  on  the  forefide)  with  juft  fo  much  Force,  as  is 
>requifite  to  keep  it  fteady  in  its  Place.  They  mu  ft  not  be  fcrew’d 
harder  againft  the  Metal  for  Fear  of  bending  it,  which  (tho*  it  is 
half  an  Inch  in  Thicknefs)  a  very  little  Force  is  fufficient  to  do. 
When  the  Inftrument  is  not  ufed,  thefe  Screws  are  loofen’d,  and  the 
Objedt-Metal  is  taken  out  and  laid  by,  to  prevent  its  tarnifhing. 

The  oval  Plane  is  compos’d  of  a  Plate  of  the  fame  Metal  with 
the  great  Speculum,  about  r~  or  of  an  Inch  in  Thicknefs,  folder’d 
on  the  Back  to  another  Brafs.  Its  Breadth  is  fomething  lefs  than 
half  an  Inch,  and  is  in  Proportion  to  its  Length  as  i  to  V  2.  At 
one  End  of  the  Oval,  the  Brafs  Plate  projedls  a  little  beyond  the  o- 
ther,  and  has  a  Screw  cut  through  it  in  that  Part,  as  likewife  ano¬ 
ther  diredtly  againft  the  Centre  of  the  forefide.  The  other  End  is 
cypher’d  away  on  the  Backfide,  that  it  may  intercept  as  few  of  the 
Rays,  in  their  Paffage  towards  the  Objedl -Metal,  as  is  pofiible. 
The  two  Screw-holes  in  the  Back  ferve  to  fix  this  Oval  A,  Fig. 
S5.  to  a  Brafs  Arm,  B,  which  is  faftened  at  the  other  End  into  a 
.84,-85.  Slider  EE.  Fig.  84.  and  85.  This  Slider  is  of  an  equal  Thicknefs 
with  the  Side  of  the  Tube,  and  has  a  Groove,  G  G,  Fig.  8 4.  cut 
for  it  in  that  Side,  parallel  to  the  Axis,  and  long  enough  to  give 
room  for  its  Motion,  to  fet  the  two  Specula  at  the  different  Diftances, 
which  the  feveral  Eye-Glaffes  require.  It  refts  on  the  Infide  againft 
two  thin  Ledges,  faftened  within  the  Tube  along  the  Sides  of  the 
Groove.  On  the  Outfide  it  is  kept  in  its  Place  by  a  Hiding  Shut¬ 
ter,  not  expreffed  in  the  Figure.  In  the  Middle  it  has  a  Cylin- 
P&g.  85.  drick  Cavity,  D,  Fig.  85.  whofe  Axis  is  exactly  perpendicular  to  its 
inner  and  outer  Surfaces.  Each  of  the  Boxes,  in  which  the  Eye- 
Glaffes  are  contained,  is  fitted  to  this  Cavity.  The  beforemention- 
ed  Brafs  Arm  is  fix’d  into  the  In  fide  of  this  Slider,  towards  the 
End  fartheft  from  the  Objedf-Metal  ;  it  rifes  perpendicular  for  a- 
bout  two  Inches,  and  is  made  fiat,  fo  as  to  turn  one  Edge  to  the 
Rays,  which  come  from  the  Objedl.  About  b,  it  is  bent  forwards 
and  flatted  the  other  Way,  fo  that  when  the  Back  of  the  oval  Plane 
is  held  fiat  to  it,  by  the  two  Screws  c  c,  the  Axis  of  the  Cylindrick 
Gavity  may  fall  on  the  Centre  of  its  forefide,  inclin’d  to  its  Surface 
in  an  Angle  of  fomething  defs  than  forty  five  Degrees.  This  Angle 
is  brought  to  be  exaht  by  two  .very  final  1  Screws,  it,  whofe  Threads 
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take  hold  in  the  flatted  End  of  the  Brafs  Arm,  and  their  Points 
bearing  againfl  the  Back  of  the  Oval,  raife  one  End  of  it  a  little 
from  the  flat  of  the  Arm.  The  Specula,  are  fet  at  their  due  Dis¬ 
tance,  by  turning  of  a  long  Screw,  C  C,  for  which  there  is  a  Nut 
lodged  in  the  Slider  at  g  *,  the  Screw  is  kept  from  moving  back¬ 
ward  or  forward,  when  ’tis  turned,  by  a  Brafs  Plate,  F,  which  is 
to  be  fix’d  to  the  flat  End  of  the  Side  of  the  Tube,  and  taken  off 
at  Pleafure.  Each  of  the  Eye-Glafs  Boxes,  H,  has  a  S crew  on 
the  outward  End,  to  fallen  to  it  a  Bowl,  or  Difh,  I,  to  receive 
the  Ball  of  the  Eye,  and  guard  it  from  external  Light. 

On  the  Top  of  the  Tube  is  fix’d,  on  two  Small  Pedeflals,  a 
common  Dioptrick  TeleScope,  H,  Fig.  84.  about  eighteen  Inches 
long,  its  Axis  parallel  to  that  of  the  Tube  *,  and  having  two  Hairs 
plac’d  in  the  common  Focus  of  its  Object  and  Eye-Glaffes,  eroding 
one  another  in  its  Axis. 

There  are  three  convex  Eye-Glafles  belonging  to  the  Infirument. 

The  firfl,  or  fhalloweft,  has  its  focal  Diflance  of  about  j  of  an  Inch  ; 
the  Second,  of  ;  and  the  deepefl,  of  ",  or  Something  leSs. 

When  the  firfl  of  thefe  is  ufed  with  the  Infirument,  it  magnifies  a- 
bout  188,  or  190  times,  in  Diameter  ;  with  the  fecond,  about  20S  j 
and  with  the  third,  228  or  230.  Each  of  thefe  Glafles  has  placed, 
in  that  Focus  neareft  the  Oval,  a  Circle  to  determine  the  Part  of 
the  Obje£l  Seen  at  one  View  •,  and  in  the  other  Focus  toward  the 
Eye,  a  Brafs  Plate  with  a  little  Hole  in  the  middle,  to  let  no  Light” 
pafs  to  the  Eye  from  the  Infide  of  the  Tube,  but  what  comes  fron> 
the  Oval.  Befides  thefe  three  convex,  there  are  two  concave  Eyy- 
Glalfes,  with  which  it  magnifies  about  200  and  220  times;  and 
alfo  a  Set  of  three  Convex,  which  turn  it  into  a  Day  TeleScope, 
magnifying  about  125  times.  The  Aperture  is  limited  by  a  Circle 
of  Card,  or  Pafl board,  placed  before  the  Objedl-Metal  in  the 
Tube.  To  vary  the  Aperture  there  are  three  of  thefe  Circles, 
and  the  Apertures  allowed  by  them  are  five  Inches  and  an  half, 
five  Inches,  and  four  and  an  half,  tho’  for  Some  Objedls  the  whole 
Metal  may  be  left  open. 

The  Engine  made  ufe  of  to  dire6l  the  Tube  to  any  Objedl,  con- 
fifls  of  a  ftrong  Plank,  F  F,  Fig.  85  and  86,  about  fourteen  Inches  Fig.  85,  86, 
wide,  and  two  Feet  and  an  half,  or  three  Feet  long,  which  Serves 
as  a  Foundation  for  the  whole.  Near  one  End  of  this  Plank  is 
placed  an  upright  fourfided  Box,  III,  Fig.  84  and  86,  about  two  Fig.  84,  8 6: 
Feet  high,  narrower  at  the  Back  next  the  End  of  the  Plank  than  be¬ 
fore  :  Its  two  Sides  are  mortifed  both  into  the  Plank  below,  a  a ,  Fig. 

86,  and  into  the  Top  of  the  Box  above,  del ;  the  back  and  fore  g£ 

Part  are  faflen’d  to  the  Edges  of  the  Sides  with  Wood-Screws, 

The  Top  has  a  circular  Hole  cut  in  it,  Something  above  three 
Inches  in  Diameter,  vvhofe  Centre  is  about  three  Inches  diflantfrom 
the  outfide  of  the  Back,  and  at  an  equal  Diilance  from  the  two 

Sides, 
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Sides.  This  Hole  gives  Pafiage  to  a  turning  Pillar  B,  in  the  Bot¬ 
tom  of  which  there  is  fix’d  an  Iron  Pivot  c,  to  turn  in  a  thick  Brafs 
Plate  lodged  in  the  Plank,  b.  The  upper  End  of  the  Pillar  rifes 
about  an°Inch  and  an  half  above  the  Top  of  the  Box,  and  is  mor- 
tifed  into  a  ftrong  Head,  K,  Fig.  84.  and  86,  about  eight  Inches  in 
Length,  and  four  or  five  in  Breadth  and  Thicknefs.  This  Head 
carries  two  Cheeks,  L  L,  about  thirteen  or  fourteen  Inches  in 
Height,  their  hinder  Edges,  towards  the  lower  End,  extending  five 
Inches  beyond  the  Axis  of  the  Pillar  backward.  Along  the  Back 
of  thefe  Cheeks,  at  equal  Diftances  above  one  another,  there  are 
Notches,  tending  obliquely  downwards,  and  anfwering  one  another 
in  each  'cheek,  to  receive  the  Pivots  of  a  crooked  Iron  Axis,  C, 
Fig.  86.  on  which  the  Tube  is  plac’d.  The  Notches  are  made  at 
different  Heights,  to  keep  the  Eye-Glafs  at  a  proper  Height  for 
the  Eye,  in  different  Elevations  of  the  Object  above  the  Horizon. 
The  Figure  of  the  Axis  anfwers  that  of  the  three  under  Sides  of 
the  Tube.  The  Axis  of  the  Tube  lies  about  two  Inches  and  an 
half  higher  than  the  Axis  of  the  Motion  upon  thefe  Pivots,  and 
the  Centre  of  Gravity,  when  the  ObjeA-Metal  is  in,  is  about  three 
Inches  backwarder.  To  keep  the  Tube  from  flipping  back,  when 
its  fore  End  is  raifed,  it  has  two  Buttons  fixed  to  it,  which  reft 
againft  the  fore  Part  of  the  Axis. 

^To  keep  the  Pillar  from  touching  any  of  the  Sides  of  the  round 
Hole,  in  which  it  turns,  a  Cylindrick  Seftor,  containing  about 
6c;8  o'r  70°,  and  about  an  Inch  in  Height,  is  cut  on  the  back  Part 
of  the  Pillar,  near  the  upper  End  D.  In  the  Angle  of  this  Ca¬ 
vity  is  fix’d  a  thin  Steel  Plate  0  0,  bent  crofs  the  middle  to  the 
fame  Angle.  The  internal  angular  Edge,  between  the  two  Parts 
of  this  pTate,  lies  in  the  Axis  of  the  Pillar,  and  turns  upon  the 
harden’d  Edge  of  a  Wedgelike  Iron,  /,  whofe  Bafe,  or  Board  Part, 
is  faften’d  with  two  ftrong  Screws  on  the  Top  of  the  Box,  dire&ly 
behind  the  round  Hole  beforemention’d. 

The  upper  Parts  of  the  Cheeks  are  ftrengthened  by  two  Brackets, 
G  G,  leaving  Room  between  them  for  the  Bottom  of  the  Tube 
•to  touch  the  upper  Edge  of  the  fore  Part  of  the  Head.  The  hinder 
Part  of  the  Head  is  alfo  hollow’d,  in  the  Manner  prefented  in 
the  third  Figure. 

The  Head  on  its  fore  Part  carries  a  fiat  Arm,  M,  Fig.  84.  about 
twenty  feven  Inches  long,  a  little  taper  towards  the  farther  End, 
where  it  is  four  Inches  broad.  This  is  ftrengthened  by  a  narrow 
Slip,  glew’d  edgewife  along  the  middle  underneath,  O,  and  alfo 
by  a  Brace  or  Stay,  N,  reaching  from  the  turning  Pillar  to  with¬ 
in  nine  Inches  of  the  End  of  the  Arm.  The  Stay  paffes  through  a 
tranfverfe  opening  cut  in  the  fore  Part  of  the  Box,  P,  which  is 
long  enough  to  allow  room  for  a  fufficient  Motion  of  the  Pillar 
round  its  Axis.  „ 
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On  the  other  End  of  the  Bottom  Plank,  tranfverfely  to  its 
Length,  is  eredfed  a  Board  about  twelve  Inches  wide,  and  twenty 
fix  or  twenty  feven  high,  Q,  the  Top  of  it  reaching  within  an  Inch 
and  an  half  of  the  under  Side  of  the  Arm.  This  Board  is  held 
firm  in  its  Pofition  by  a  Spur,  R,  part  of  its  upper  End  on  the 
outlide  is  pared  off  toward  the  Edges,  to  form  it  into  the  Seg¬ 
ment  of  a  Cylinder,  whofe  Axis  coincides  with  that  of  the  Pillar. 
Its  Ufe  is  to  fupport  a  Reft,  S  S,  on  whicm  the  End  of  the  fiat 
Arm  moves  backward  and  forward.  This)  Reft  being  apply’d 
tranfverfely  to  the  outer  Part  of  the  uprigljft:  Board,  where  it  is 
made  Cylindrick,  is  bent  into  the  fame  Figure,  by  the  means  of 
four  Screw-Pins,  two  of  which  palling  through  each  End  of  this, 
and  of  another  Piece  of  the  fame  Length,  T,  (but  fomethino-  nar¬ 
rower)  placed  over  againft  it  on  the  infide  of  the  Board,  by°  their 
Nuts,  draw  them  together,  fo  as  to  grafp  the  End  of  the  upright 
Board  between  them  ;  the  upper  Edge  of  the  Reft  being  firft  foot 
with  a  Plane  very  ftrait  and  fmooth.  To  render  the  Motion  of  the 
Arm  along  the  Reft  fmooth  and  eafy,  it  has  two  Rollers  lodged 
in  a  Box  fix’d  near  the  End,  on  its  underfide,  V,  to  roll  upon 
the  Edge  of  the  Refi,  when  the  End  of  the  Arm  is  moved  alono* 
it.  .  One  of  the  Rollers  is  placed  near  each  Edge  of  the  Arm,  and 
their  Axes  lye  in  Lines  puffing  through  the  Axis  of  the  turning 
Pillar.  The  Reft  is  kept  up  to  them,  with  a  proper  Degree  of 
Force,  by  two  Screv/s,  W  W,  which  run  into  two  Plugs,  X  X, 
faftened  on  the  Sides  of  the  upright  Board,  and  bear  againft  the 
under  Sides  of  two  Pieces  fix’d  on  the  Infide  of  the  Reft. 

The  Motion  of  the  Tube  is  governed  by  two  Brafs  Pegs,  Y 
and  Z.  The  firft  of  thefe,  Y,  is  plac’d  about  io  or  n  Inches 
from  the  End  of  the  Arm,  and  has  a  Line  wound  round  it,  which 
pa  fling  under  a  fmall  Pulley,  /,  fix’d  in  a  vertical  Pofition  near 
the  End  of  the  Arm,  is  faftened  to  a  Staple  on  the  under  fide  of 
the  Lube  g.  This  Line,  by  the  turning  of  the  Peg,  brings  the 
fore  End  of  the  Tube  to  its  due  Elevation,  being  adted  ao-ainft  by 
the  Exccfs  of  Weight  in  the  hinder  End  of  the  lube,  when  the 
Metal  is  in  it,  which  is  equivalent  to  about  two  Pound  at  g,  where 
the  Line  is  faftened.  In  great  Elevations  of  the  Objedt  above  the 
Elorizon,  the  Line  is  not  carried  fo  far  as  the  Pointy;  but  is 
faften’d  a  little  above  the  Pulley,  to  a  light  fquare  Stick,  b,  hav¬ 
ing  at  one  End  a  Hook,  by  which  it  takes  hold  of  the  Staple  g. 
Phis  is  done  that  the  Springynefs  of  the  Line  may  not  continue  a 
vibrating  Motion  in  the  Tube,  (when  any  thing  happens  to  fhake 
the  Inftrument;  and  make  the  Object  appear  to  tremble.  The  lower 
Part  of  the  Stick  refts  againft  the  End  of  the  Arm,  and  by  its  flight 
Fridhon  contributes  to  the  fame  Effedt.  * 

The  other  Peg,  Z,  is  fo  plac’d,  that  it  may  be  conveniently  reach¬ 
ed  by  one  Hand  of  tne  Obferver,  while  the  other  is  employed  about 
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the  Peg  Y :  It  regulates  the  Horizontal  Motion  of  the  Tube,  by 
means  of  a  Line,  which  being  wound  about  the  Peg  at  one  End, 
paffes  by  another  fmall  Pulley  placed  clofe  by  the  Side  of  the  afore¬ 
mentioned  one  in  an  horizontal  Pofture  (not  to  be  feen  in  the  Fi- 
o-ure)  and  is  hung  on  a  .Pin  driven  into  the  little  Head  K.  It  is 
a£led  againft  by  two  Springs,  m  and  n  Fig.  86.  placed  in  the  Box, 
in,  one  on  each  Side  of  the  turning  Pillar ;  that  on  the  right 
Hand,  m ,  draws  the  right  Side  of  the  Pillar  forward,  by  a  very 
ftrong  Line,  which  being  faftened  to  the  Head  of  the  Spring,, 
paffes  round  the  back  Part  of  the  Pillar  to  a  Pin,  at  P,  by  which 
it  is  ftrain’d  to  its  due  Strength.  The  Spring  on  the  Left  Hand  n , 
draws  the  Left  Side  of  the  Pillar  backwards  in  the  fame  manner. 
Thefe  Pins  are  plac'd  on  the  Pillar  a  little  higher  than  the  Tops  of 
the  Springs,  that  being  drawn  a  little  downwards,  as  well  as  turn’d 
round  it s  Axis,  the  Pivot  in  its  Bottom  may  not  be  raffed  out  of 
the  Hole  in  the  Brafs  Plate,  when  the  Reft  bears  hard  againft  the 
Rollers  at  the  End  of  the  Arm.  Each  of  thefe  Springs  draws  with 
a  Force  equal  to  about  18  or  20  Pounds  Weight,  when  the  End 
of  the  Arm  is  carried  clofe  to  the  fmall  Head  k,  Fig .  84.  and  confe- 
quently  (the  Semidiameter  of  the  Pillar  being  an  Inch  and  Half, 
and  the  Diftance  of  that  Head  from  the  Axis  about  28  or  29  Inches) 
the  End  of  the  Arm  will  be  carried  by  the  united  Forces  of  both 
the  Springs,  towards  the  other  End  of  the  Reft,  with  a  Force  equi¬ 
valent  to  the  Weight  of  about  two  Pounds.  Each  of  the  Pegs,  Y 
and  Z,  turns  in  a  Hole  made  in  a  Piece  of  Wood  /,  faftened  to 
the  under  Side  of  the  Arm;  and  the  Pieces  being  flit  with  a  Saw 
from  one  End  through  the  Hole,  and  about  half  an  Inch  beyond 
it,  the  feparated  Parts  are  drawn  together  by  a  Skrew  m ,  till  the 
End  of  the  Peg  is  griped  between  them,  with  a  due  Degree  of  Force. 
By  thefe  Pegs,  with  the  help  of  the  Telefcope  H,  the  Tube  is  eafily 
direded  to  any  Objed,  and  made  to  accompany  a  Celeftial  one 
in  its  Diurnal  Motion,  while  the  End  of  the  Arm  moves  the  whole 
Length  of  the  Reft. 

The  concave  Surface  of  the  Objed-Metal  has  many  little  Spots 
in  it,  which  could  not  be  brought  to  take  a  Polifh.  In  one,  or 
tv/o  Places,  the  Metal  itfelf  feems  to  have  fome  fmall  Parts,  fome- 
thing  harder  or  fofter  than  the  reft,  occafioning  an  irregularity  in 
the  Figure  of  the  Metal  about  them.  But  thefe  Parts  being  fmall, 
in  Proportion  to  the  whole,  do  not  feem  conflderably  to  atfed  the 
Diftindnefs  of  the  Appearance. 

The  open  Air  has  commonly  an  undulating  Motion  in  its  Parts, 
efpecially  in  the  day  time,  which  occafions  the  Rays  of  Light  to 
defied  a  little  from  the  ftrait  Lines,  in  which  they  ought  to  move, 
in  order  to  render  the  Species  perfedly  diftind.  The  Effed  of  this, 
though  infen  Able  to  the  naked  Eye,  or  even  through  a  fmall 
Telefcope,  becomes  conflderable,  when  the  Objed  is  very  much 
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magnified.  This  Inftrument:,  when  try’d  at  an  Objeft  en- 
clofed,  fo  as  to  fecure  it  from  this  Inconvenience,  Teems  to  bear 
an  Aperture  of  five  Inches  and  an  half,  with  the  deeped  of  the 
forementioned  Eye-Glafies,  as  well  as  the  common  Telefcopes  do 
the  ufual  Charge  and  Aperture  given  to  them,  except  that  in 
thefe  the  Objeds  appear  a  little  brighter. 

Fig.  84.  Reprefents  the  Inftrument  placed  on  the  Machine,  in  or¬ 
der  to  be  apply ’d  to  Ufe. 

Fig.  85.  Reprefents  the  Infide  of  the  Slider,  with  the  reft  of  the 
Apparatus  belonging  to  the  oval  Plane  and  Eye-Glals. 

Fig .  86.  Reprefents  the  hinder  Part  of  the  Machine,  the  Back,  and 
one  Side  of  the  Box,  being  taken  away,  to  fhew  the  turn¬ 
ing  Pillar  and  Springs  on  the  Infide. 

VI.  The  Inftrument  is  defign’d  to  be  of  Ufe,  where  the  Motion  TbeDefcriptim 
of  the  Objeds,  or  any  Circumftance  occafioning  an  Unfteadinefs  °f  a^Injiru- 
in  the  common  Inftruments,  renders  the  Obfervations  difficult  or  mentfortpkl^g 

Angles,  by  Re- 

Uncertain.  ^  #  ^  fie  Elions, inven - 

The  Contrivance  of  it  is  founded  on  this  obvious  Principle  in  ted  by  Mr.]. 
Catoptricks:  That  if  the  Rays  of  Light  diverging  from,  or  con-  Hadley.  V.  P. 
verging  to  any  Point,  be  refleded  by  a  plane  pohfh’d  Surface,  IslJ420  P-I47 
they  will,  after  the  Refledion,  diverge  from,  or  converge  to  ano¬ 
ther  Point  on  the  oppofite  Side  of  that  Surface,  at  the  fame  Diftance 
from  it  as  the  firft ;  and  that  a  Line  perpendicular  to  the  Surface 
paffing  through  one  of  thofe  Points,  will  pafs  through  both.  Hence 
it  follows,  that  if  the  Rays  of  Light  emitted  from  any  Point  of 
an  Objed  be  fuccelfively  refleded  from  two  fuch  polifh’d  Surfaces ; 
that  then  a  third  Plane,  perpendicular  to  them  both,  paffing 
through  the  emitting  Point,  will  alfo  pafs  through  each  of  its  two 
fucceffive  Images  made  by  the  Refledions :  All  three  Points  will  be 
at  equal  Diftances  from  the  common  Interfedion  of  the  three 
Planes  ;  and  if  two  Lines  be  drawn  through  that  common  Interfec  • 
tion,  one  from  the  original  Point  in  the  Objed,  the  other  from 
that  Image  of  it  which  is  made  by  the  fecond  Refledion  ;  they 
will  comprehend  an  Angle  double  to  that  of  the  Inclination  of  the 
two  polifh’d  Surfaces. 

Fig.  87.  Let  RFH  and  R  GI  reprefent  the  Sedions  of  the 
the  Plane  of  the  Figure  by  the  polifh’d  Surfaces  of  the  two 
Specula  B  C  and  D  E,  ereded  perpendicularly  thereon ,  meet¬ 
ing  in  R,  which  will  be  the  Point  where  their  common  Sedion,  fig-  $7' 
perpendicular  likewife  to  the  Lme  Plane,  pafies  it,  and  H  R  I  is 
the  Angle  of  their  Inclination.  Let  AF  be  a  Ray  of  Light  from 
any  Point  of  an  Objed  A  falling  on  the  Point  F  of  the  firft 
Speculum  B  C,  and  thence  refleded  into  the  Line  F  G,  and  at 
the  Point  G  of  the  fecond  Speculum  D  E  refleded  again  into  the 
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Line  G  K,  produce  G  F  and  K  G  backwards  to  M  and  N,  the 
two  fucceflive  Reprefentations  of  the  Point  A  ;  and  draw  R  A,  RM, 
and  R  N. 

Since  the  Point  A  is  in  the  Plane  of  the  Scheme,  the  Point  M 
will  be  fo  alfo  by  the  known  Laws  of  Catoptricks.  The  Line 
F  M  is  equal  to  F  A,  and  the  Angle  M  F  A  double  the  ArHe 
HFAorMFH;  confequently  R  M  is  equal  ro  R  A,  and  the 
Angle  M  R  A  double  the  Angle  H  R  A  or  M  R  H.  In  the  fame 
manner  the  Point  N,  is  alfo  in  the  Plane  of  the  Scheme,  the  Line 
RN  equal  to  RM,  and  the  Angle  MRN  double  the  Amde 
M  R I  or  I  R  N  :  Subftrad  the  Angle  M  R  A  from  the  Angle 
M  R  N,  and  the  Angle  A  R  N  remains  equal  to  double  the  Diffe¬ 
rence  of  the  Angles  MRI  and  M  R  H,  or  double  the  Angle 
HR  I,  by  which  the  Surface  of  the  Speculum  DE  is  reclin’d 
from  that  of  B  C ;  and  the  Lines  RA,  R  M  and  RN  are  equal. 

Corol.  1.  The  Image  N  will  continue  in  the  fame  Point  ;  altho’ 
the  two  Specula  be  turn’d  together  circularly  on  the  Axis  R,  fo 
long  as  the  Point  A  remains  elevated  on  the  Surface  of  B  C  : 
provided  they  retain  the  fame  Inclination. 

Corol.  2 .  If  the  Eye  be  plac’d  at  L,  (the  Point  where  the  Line 
A  F  continued  cuts  the  Line  G  K  ;)  the  Points  A  and  N  will 
appear  to  it  at  the  angular  Diftance  A  L  N,-  which  will  be  equal 
to  ARN:  For  the  Angle  A  L  N  is  the  Difference  of  the  Angles 
F  G  N  and  G  F  L  *,  and  F  G  N  is  double  F  G  I  and  G  F  L  double 
G  F  R,  and  confequently  their  Difference  double  F  R  G  or  H  R  I; 
Therefore  L  is  in  the  Circumference  of  a  Circle  paffing  throuo-h 
A,  N,  and  R.  0 

Corol.  3.  If  the  Diftance  A  R  be  infinite,  thofe  Points  A  and  N 
will  appear  at  the  fame  angular  Diftance,  in  whatever  Points  of 
the  Scheme  the  Eye  and  Specula  are  placed :  Provided  the  Inclina¬ 
tion  of  their  Surfaces  remain  unaltered,  and  their  common  Section 
parallel  to  itfelf. 

Corol.  4.  All  the  Parts  of  any  Objects  will  appear  to  an  Eye 
viewing  them  by  the  two  fucceffive  Reflections,  as  before  defcribed, 
in  the  fame  Situation  as  if  they  had  been  turn’d  together  circularly 
round  the  Axis  R,  keeping  their  refpe£tive  Diftances  from  one  ano¬ 
ther,  and  the  Axis,  with  the  Direction  H  I,  i.  e.  the  fame  Way  the 
fecond  Speculum  D  E  reclines  from  the  firft  B  C. 

Corol .  5.  If  the  Specula  be  fuppos’d  to  be  at  the  Center  of  an 
infinite  Sphere  ;  Objeds  in  the  Circumference  of  a  great  Circle,  to 
which  their  common  Sedion  is  perpendicular,  will  appear  remov’d 
by  the  two  Refledions,  through  an  Arch  of  that  Circle,  equal  to 
twice  the  Inclination  of  the  Specula,  as  is  before  laid.  But 
Objeds  at  a  Diftance  from  that  Circle  will  appear  removed  thro’ 
the  fimilar  Arch  of  a  Parallel:  Therefore  the  Change  of  their  ap¬ 
parent  Place  will  be  meafured  by  an  Arch  of  a  great  Circle  whofe 
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Chord  is  to  the  Chord  of  the  Arch  equal  to  double  the  Inclination 
of  the  Specula,  as  the  Sines  Complements  of  their  refpedive  Dis¬ 
tances  from  that  Circle  are  to  the  Radius:  And  if  thole  Diftances 
are  very  fmall,  the  Deference  between,  the  apparent  Tranfiation  of 
any  one  of  thefe  Objeds,  and  the  Tranfiation  of  thofe  which  are  in 
the  Circumference  of  the  great  Circle  aforefiid,  will  be  to  an  Arch 
equal  to  the  verfed  Sine  of  the  Diflance  of  this  Object  from  that 
Circle,  nearly  as  double  the  Sine  of  the  Angle  of  Inclination  of  the 
Specula,  is  to  the  Sine  Complement  of  the  fame. 

88.  B  he  Inin  ument  confines  of  an  Odant  A  B  C,  having  on 
its  Limb  B  C  an  Arch  of  45  Degrees,  divided  into  90  Partsorhalf 
Degrees  ;  each  of  which  anfwers  to  a  whole  Degree  in  the  Obfer- 
vation.  It  has  an  Index  M  L  moveable  round  the  Center,  to 
mark  the  Divifions  :  And  upon  this,  near  the  Center,  is  fix’d  a 
plane  Speculum  EF  perpendicular  to  the  Plane  of  the  Infirument,  F&  88‘ 
and  making  fuch  an  Angle  with  a  Line  drawn  along  the  middle 
of  the  Index,  as  will  be  moft  convenient  for  the  particular  Ufes 
the  Infirument  is  defigned  for  *,  (for  an  Infirument  made  according 
to  Fig.  88.  the  Angle  L  M  F  may  be  of  about  65  Degrees.)  IK GH 
is  another  fmaller  plane  Speculum,  fix’d  on  fuch  Part  of  the  Odant 
as  will  likewife  be  determin’d  by  its  particular  Ufe,  and  hav¬ 
ing  its  Surface  in  fuch  Diredion,  that  when  the  Index  is  brought 
to  mark  the  beginning  of  the  Divifions  (i.  e.  oQ)  it  may  be  ex- 
adfly  parallel  to  that  of  the  other  ;  this  Speculum  being  turned  to¬ 
wards  the  Obferver,  and  the  other  from  him.  P  R  is  a  Telefcope 
fix’d  on  one  Side  of  the  Odant,  having  its  Axis  parallel  to  that 
Siue,  and  palling  near  the  middle  of  one  of  the  Edges  I  K  or  I  H 
of  the  Speculum  I  K  GH;  fo  that  half  its  Objed-Glafs  may  receive 
the  Rays  refleded  from  that  Speculum,  and  the  other  half  remain 
ciearyo  receive  them  from  a  diftant  Objed.  The  two  Specula  mufl 
aho  be  difpos  d  in  fuch  manner,  that  a  Ray  of  Light  coming  from 
a  Point  near  the  middle  of  the  firft  Speculum,  may  fall  Sn  the 
middle  of  the  fecond  in  an  Angle  of  70  De  PTPP*  nr  rVrp^Knnrc 
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The  Infirument,  as  thus  deferibed,  will  ferve  to  take  any  Angle 
0  greater  than  50  Degrees  ;  but  if  it  be  defign’d  for"  Angles 
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from  90  to  180  Degrees,  the  polifh’d  Surface  of  the  Speculam  E  F 
Fig.  88.  mull  be  turn’d  towards  the  Obferver  ;  the  fecond  IKGEI 
inuft  be  brought  forward  to  the  Pofition  N  O,  fo  as  to  receive  on 
its  Middle  the  Rays  of  Light  from  the  middle  of  the  fi rfb  in  an 
Angle  of  about  25  Degrees,  their  Surfaces  being  perpendicular  to  one 
another  when  the  Index  is  brought  to  the  End  of  the  divided 
Arch  next  C  *,  and  this  fecond  mult  (land  five  or  fix  Inches  v/ide 
-of  the  firft,  that  the  Head  of  the  Obferver  may  not  intercept  the 
Rays  in  their  PafTage  towards  it,  when  the  Angle  to  be  obferv’d 
•is  near  i8o°.  The  fmaller  Speculum  is  fix’d  perpendicularly  on  a 
•, round  brafs  Plate,  tooth’d  on  the  Edge  ;  and  may  be  adjufled  by 
.an  endlefs  Screw. 

In  order  to  make  an  Obfervation,  the  Axis  of  the  Telefcope  is  to 
be  directed  towards  one  of  the  Objedls,  the  Plane  of  the  Infirument 
palling  as  near  as  may  be  through  the  other,  which  mufl  lie  to  that 
Hand  of  the  Obferver,  as  the  particular  Form  of  the  Infirument 
may  require  ;  viz.  the  fame  Way  that  the  Speculum  E  F  does  from 
I  K  G  H,  if  it  be  compofed  according  to  this  Figure  and  Defcrip- 
tion.  The  Obferver’s  Eye  being  applied  to  the  Telefcope,  fo  as 
to  keep  fight  of  the  firft  Objedl  ;  the  Index  mufl  be  moved 
backward  and  forward  till  the  fecond  Objedl  is  likewife  brought 
to  appear  through  the  Telefcope,  about  the  fame  Diftance  from  the 
Hair  c  f  Fig .  90.  as  the  firft :  If  then  the  Objedls  appear  wide  of 
one  another,  as  at  i  and  k,  the  Infirument  mufl  be  turn’d  a  little 
on  the  Axis  of  the  Telefcope,  till  they  come  even,  or  very  near¬ 
ly  fo,  and  the  Index  mufl  be  remov’d  till  they  unite  in  one,  or 
appear  clofe  to  one  another  in  a  Line  parallel  to  c/,  both  of 
them  being  kept  as  near  the  Line  gh  as  they  can.  If  the  Infiru¬ 
ment  be  then  turn’d  a  little  on  any  Axis  perpendicular  to  its 
Plane,  the  two  Images  will  move  along  a  Line  parallel  to  g  h9 
but  keep  the  fame  Pofition  in  refpedl  of  one  another  *,  fo  that  in 
whatever  Part  of  that  Line  they  be  obferved,  the  Accuracy  of  the 
-Obfervation  will  be  no  otherwife  affedled  than  by  the  Indiflindlnefs 
of  the  Objedls.  If  the  two  Objedls  be  not  in  the  Plane  of  the 
Infirument,  but  equally  elevated  on,  or  deprefs’d  below  it, 
they  will  appear  together  at  a  Diflance  from  the  Line  g  h , 

•  when  the  Index  marks  an  Angle  fomething  greater  than  their  neareft 
(Diflance  in  a  great  Circle  :  And  the  Error  of  the  Obfervation 
will  increafe  nearly  in  Proportion  to  the  Square  of  their  Diflance 
from  that  Line  *,  but  may  be  corredled  by  help  of  the  fifth  Corol¬ 
lary.  Suppofe  the  Hairs  a  e  and  b  d,  each  at  a  Diflance  from 
the  Line  gh,  equal  to  4~§  of  the  focal  Length  of  the  Objedl- 
Glafs,  fo  as  to  comprehend  between  them  the  Image  of  an  Ob- 
]edl,  whofe  Breadth  to  the  naked  Eye  is  a  little  more  than  2°~  j 
and  let  the  Images  of  the  Objedls  appear  united  at  either  of  thofe 
Hairs  :  Then  as  the  Sine  Complement  of  half  the  Degrees  and 
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of  taking  Angles  defcribed . 

Minutes  mark’d  by  the  Index,  is  to  the  doubled  Sine  of  the  fame; 
fo  is  one  Minute  to  the  Error  which  is  always  to  be  fubftrad- 
ed  from  the  Obfervation.  Other  Hairs  may  alfo  be  plac’d  in  the 
Area  a  b  c  d  ef,  parallel  to  g  /a,  and  at  Diftances  from  it  proportional 
to  the  fquare  Roots  of  the  Numbers  i,  2,  3,  4,  &V.  and  then  the 
Errors  to  be  fubftraded  from  the  fame  Obfervation  made  at  each 
of  thofe  Hairs  refpedively,  will  be  in  Proportion  to  the  Numbers 
i,  2,  3,  4,  &c.  This  Correction  will  always  be  exact  enough  if 
the  Obferver  take  care  (efpecially  when  the  Angle  comes  near 
iSoc)  to  keep  the  Plane  of  the  Inftrument  from  varying  too  much 
from  the  great  Circle  pafiing  thro’  the  Objects. 

In  regard  to  the  Workmanfhip,  if  an  Exadnefs  be  required  in 
the  Obfervations,  the  Arch  ought  to  be  divided  with  the  greateft 
Care  *,  becaufe  all  Errors  committed  in  the  Divifion  are  doubled 
by  the  Reflections.  The  Index  mu  ft  have  a  fteady  Motion  on  the 
Center,  fo  that  the  Axis  of  it  remain  always  perpendicular  to  the 
Plane  of  the  Octant;  for  if  that  alter,  it  will  be  liable  to  vary 
the  Inclination  of  the  Speculum  it  carries  to  the  other:  The  Mo¬ 
tion  muft  likewife  be  eafy,  left  the  Index  be  fubject  to  bend  edge¬ 
ways  :  For  the  fame  reafon  it  fhould  be  as  broad  at  that  End  next 
the  Center  as- conveniently  can  be.  The  Specula  fhould  have  their 
Surfaces  of  a  true  Flat ;  becaufe  a  Curvature  in  either  of  them,  be- 
fide  rendering*  the  Objed  indiftind,  will  vary  its  Pofition,  when 
feen  by  Reflection  from  different  Parts  of  them  i  They  muft  alfo 
be  of  a  fufffcient  Length  and  Breadth  for  the  Telefcope  to  take 
in  a  convenient  Angle  without  lofmg  the  Ufe  of  any  Part  of  the 
Aperture  of  its  Objed-Glafs,  and  that  in  all  the  different  Pofitions 
of  the  Index.  They  may  be  either  of  Metal  or  Glafs  Plates  foil’d, 
having  their  two  Surfaces  as  nearly  parallel  as  they  can ;  yet  a 
fmall  Deviation  may  be  allowed  ;  provided  either  their  thickeft 
or  thinneft  Edges  (and  confequently  the  common  Section  of  their 
Surfaces)  be  parallel  to  the  Plane  of  the  Odant:  For  in  that  Cafe, 
though  there  are  feveral  Reprefentations  of  the  Objed,  they  will 
be  always  very  near  one  another  in  a  Line  parallel  to  cf\  and  any  of 
them  may  be  ufed,  except  when  the  Angle  to  be  obferved  is  very 
fmall.  The  chief  Inconvenience  will  be,  that  a  fmall  Star  will  be 
more  difficultly  difcerned,  the  Light  being  divided  among  the  fe¬ 
veral  Images.  The  Telefcope  may  be  contrived  to  alter  its  Situa¬ 
tion,  fo  as  to  receive  the  refleded  Rays  on  a  greater  or  lefs  Part 
of  its  Objed-Glafs,  if  the  Objeds  differ  in  Brightnefs.  The  fecond 
Speculum  may  have  a  Part  unfoil’d,  that  if  either  of  them  be  fuf- 
ficiently  luminous,  the  lefs  bright  may  be  feen  through  it  by  the 
whole  Aperture.  If  the  Sun  be  one  of  the  Objeds,  or  the  Moon 
be  compared  with  a  fmaller  fix’d  Star;  their  refleded  Images  muft 
be  ftill  farther  weakened  by  the  Interpolation  of  one  or  more  of  the 
dark  Glaffes  S  T.  An  exad  Pofition  of  the  Telefcope  is  not  necef- 
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fary  •,  and  the  Inftrument  may  be  ufed  without  one,  the  Difpofition 
of  the  Specula,  with  regard  to  the  Sedor  and  Index,  being  fiich 
as  may  allow  the  Eye  to  be  brought  as  near  the  fecond  Speculum 
as  may  be,  and  make  the  Inftrumeut  the  moft  commodious  for 
the  Obferver. 

No  greater  Degree  of  Steadinefs  is  requifite  in  the  Pedeftal,  or 
Machine  which  carries  this  Inftrument,  than  what  is  fuffi cient  for 
the  Telefcope  us’d  with  it:  For  although  the  vibrating  Motion  of 
the  Inftrument  may  occafion  the  Images  of  the  Objects  alfo  to  vi¬ 
brate  crofs  one  another  *,  their  apparent  relative  Motion  will  be 
very  nearly  in  Lines  parallel  to  cf\  and  it  will  not  be  difficult 
to  diftinguiffi  whether  they  coincide  in  croffing  one  another,  or 
pafs  at  a  Diftance :  And  if  the  Objeds  are  near  one  another,  and 
the  Telefcope  magnify  but  about  four  or  five  Times,  it  may  be 
held  in  the  Hand  without  any  ftanding  Support.  In  this  Manner 
the  Altitude  of  the  Sun,  Moon,  or  fome  of  the  brighter  Stars  from 
the  vifible  Horizon  may  be  taken  at  Sea,  when  it  is  not  too 
rough. 

Fig.  90.  fhews  an  Inftrument  defigned  for  this  Purpofe  ;  differ¬ 
ing  from  the  foregoing  Defcription  chiefly  in  the  placing  the  Specula 
and  Telefcope,  with  regard  to  the  Sedor  and  Index  *,  it  has  alfo  a 
third  Speculum  N  O  difpos’d  according  to  the  Diredions  when  the 
Angle  is  greater  than  90  Deg.  whofe  Ufe  is  to  obferve  the  Sun’s 
Altitude  by  Means  of  the  oppofite  Part  of  the  Horizon.  In  placing: 
thefe  two  fmaller  Specula,  it  will  be  farther  neceftary  to  take  care 
that  the  Speculum  IK  GH  do  not  ftand  fo  as  to  intercept  any 
of  the  Rays  coming  from  the  greater  one  fix’d  on  the  Index  to  the 
third  N  O,  nor  either  of  them  hinder  the  Index  from  coming  Home 
to  the  End  of  the  divided  Arch.  W  Q^is  a  Diredor  for  the 
Sight  ;  which  is  neceftary  when  the  Telefcope  is  not  made  ufe  of. 
This  confifts  of  a  long  narrow  Piece,  which  Hides  on  another  fix’d 
on  the  back  of  the  Odant,  and  carries  at  each  End  a  Sight  ereded 
perpendicularly  on  it :  It  may  be  removed  at  Pleafure,  and  ex¬ 
changed  for  the  Telefcope,  which  fiides  on  in  the  fame  manner, 
both  ferving  indifferently  with  either  of  the  two  fmaller  Specula. 
The  Eye  is  to  be  plac’d  clofe  behind  the  Sight  at  W ;  and  the 
Thread  ftretch’d  acrofs  the  opening  of  the  other  Sight  at  per¬ 
pendicular  to  the  Inftrument  is  to  affift  the  Obferver  in  holding 
it  in  a  vertical  Pofture,  who  is  to  keep  this  Thread  as  near  as  he 
can  parallel  to  the  Horizon,  and  the  Objed  near  the  upright  one. 

How  far  an  Inftrument  of  this  Kind  may  be  of  Ufe  at  Sea  to  take 
the  Diftance  of  the  Moon’s  Limb  from  the  Sun  or  a  Star,  in  or¬ 
der  to  find  the  Ship’s  Longitude,  when  the  Theory  of  that  Planet 
is  perfed,  I  leave  to  trials  to  determine. 

The  Society  has  the  Satisfadion  of  knowing  that  Theory  to  be 
already  brought  to  a  good  Degree  of  certainty  and  exadnefs, 
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through  the  confummate  Skill  of  a  very  learned  Member  ;  and  have 
great  reafon  to  hope,  it  will  in  a  little  time  appear  to  be  compleated 
by  the  continu’d  Application  of  fome  of  their  own  Body. 

VII.  Signior  Gizlanzoni ,  an  Italian  Gentleman ,_  fhew’d  me  a  Paper  The  different 
of  Signior  Rizzetti  *,  wherein  he  denied  the  different  Refrangibility  of  refrangibility 
the  Rays  of  Light;  becaufe  an  Experiment  mention’d  in  Sir  Ifaac  cfco!our'd 
Newton's  Optics  (B.  i.  Prop.  i.  Exp.  i.)  had  not  fucceeded  with  him 
tho’  after  many  Trials.  At  the  Defire  of  Sir  Ifaac  Newton ,  I  re-  aguliers. 
peated  the  Experiment  before  him  and  Signior  Gizlanzoni ,  and  fome  Nc,374./.2o6, 
other  Perlons,  who  were  fully  fatisfied  with  the  Succefs  of  it.  The 
Experiment  and  the  Particulars  which  if  duly  put  in  Practice,  will 
make  it  always  fucceed,  I  beg  leave  to  add. 

I  painted  one  half  of  the  Card  RB,  Fig.  91.  as  B,  with  Ultra -  Fig.  91, 
marine ,  made  deeper  with  a  fmall  Mixture  of  Indigo ,  and  the  other 
half  R,  with  Cinnabar  heighten’d  with  a  little  Carmine ,  fo  that  the  *■ 

Line,  that  feparated  the  red  from  the  blue,  was  perpendicular  to  the 
long  fides  of  the  Card. 

Then  I  wrapp’d  a  black  Silk  four  times  together,  over  the 
middle  of  each  painted  part  of  the  Card,  as  in  Fig.  92.  Fig.  92. 

Upon  a  fquare  Trencher,  Fig.  93.  painted  black,  and  fufpended  Fig.  93. 
vertically  againft  a  Wall,  I  fix’d  my  colour’d  Card  with  a  Pin,  and 
the  Room  being  made  very  dark,  I  enlighten’d  the  Card  with  a 
ftrong  Light  thrown  upon  it  from  a  dark  Lanthorn,  that  had  two 
Convex  Glades  in  it;  then  fetting  up  the  Lens  LL,  (reprefented 
by  Fig.  94.)  in  fuch  manner,  that  its  Axis  pafs’d  perpendicularly  Fig.  94, 
thro’  the  Image  of  the  Card,  at  the  diftance  of  nine  Feet  from 
the  Card,  the  Image  of  the  Card  being  receiv’d  upon  a  white  Paper, 
at  the  diftance  of  nine  Feet  on  the  other  fide  of  the  Lens ,  at  B,  the 
blue  half  appear’d  diftindt,  with  the  Image  of  the  black  Silk  going  ver¬ 
tically  along  its  Plain,  whilft  no  Appearance  of  the  black  Silk  was 
perceivable  on  the  red  half.  Then  removing  the  Paper  about  two 
Inches,  to  R,  the  red  half  of  the  Image  had  a  black  Line  very  plain 
upon  it,  whilft  it  was  invifible  on  the  blue  half.  This  was  more  evi¬ 
dent,  when  a  ftrong  Image  of  the  Candle  was  fucceffively  thrown  on 
that  half  of  the  Card,  whofe  Image  was  under  Examination.  When 
the  Paper  was  held  in  the  middle  between  R,  and  B,  the  black  Line 
upon  each  Colour  was  vifible,  but  indiftindl. 

N.  B.  Care  muft  be  taken  that  the  Colours  be  deep. 

VIII.  An  Account  of  a  Book ,  intitl’d. 

De  Luminis  Affe  Itionibus  Specimen  Pbyf  co -  Mathematicum ,  dedi-  N*4i6./-59$. 
cated  to  Cardinal  Polignac ,  and  printed  at  Trevife  and  Venice ,  1727, 
by  Signior  Rizzetti. 

*  See  alfo  Aft.  Erudit.  Lipf.  Supplem,  tom.  8.  §.  3.  p.  130.  13 1. 
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Animadverfion  on  Signior  Rizzetti. 

Dr.  Defaguliers  takes  notice,  in  his  report,  of  the  Author’s  unhand- 
fome  treatment  of  Sir  I.  Newton  ;  the  many  grofs  miftakes  he  has  com¬ 
mitted  ;  that  there  is  no  Experiment  of  Sir /.  Newton  call’d  in  queftion, 
but  what  is  true,  and  no  Confequence  different  from  Sir  Ifaac9 s  drawn 
from  the  Experiments  he  allows  to  be  true,  but  what  is  falfe  ;  and  con¬ 
cludes  that  ten  Months  well  employed  in  reading  Sir  Ifaac’s iBook,  will 
make  him  amends  for  his  ten  Tears  prejudiced  Examination. 
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Of  the  Infinity  of  the  Sphere  of  Fix  d  Stars . 

CHAP.  III. 

A  ST  RO  N  0  MT. 


L  npHE  Syftem  of  the  World,  as  ic  is  now  underftood,  is  Of  the  Infinity 

taken  to  occupy  the  whole  Abyfs  of  Space ,  and  to  be  as *{f  jnx^dStars 
fuch  a&ually  infinite;  and  the  Appearance  of  the  Sphere  of  Fix’d  °L  p*  Halley! 
Stars  (till  difcovering  fmaller  and  fmaller  ones,  as  you  apply  bet-N°364./>. 
ter  Telefcopes,  feems  to  confirm  this  Dodtrine.  And  indeed,  were 
the  whole  Syftem  finite,  it,  though  never  fo  extended,  would  ftill 
occupy  no  part  of  the  infinitum  of  Space,  which  necefiarily  and  e- 
vidently  exifts ;  whence  the  whole  would  be  furrounded  on  all  fides 
with  an  infinite  inane,  and  the  fuperficial  Stars  would  gravitate  to¬ 
wards  thofe  near  the  Center,  and  with  an  accelerated  Motion  run 
into  them,  and  in  procefs  of  Time  coalefce  and  unite  with  them 
into  one.  And,  fuppofing  Time  enough,  this  would  be  a  neceftary 
Confequence.  But  if  the  whole  be  Infinite,  all  the  Parts  of  it 
would  be  nearly  in  cequilibrio ,  and  confequently  each  Fix’d  Star, 
being  drawn  by  contrary  Powers,  would  keep  its  Place ;  or  move, 
till  fuch  time,  as,  from  fuch  an  c equilibrium ,  it  found  its  refting 
Place  ;  on  which  account,  fome,  perhaps,  may  think  the  Infinity 
of  the  Sphere  of  Fix’d  Stars  no  very  precarious  Poftulate. 

But  to  this  I  find  two  Obje&ions,  which  are  rather  of  a  Meta- 
phyfical  than  Phyfical  Nature  ;  and  firft,  this  fuppofes,  as  its  con¬ 
sequent,  that  the  Number  of  Fix’d  Stars  is  not  only  indefinite,  but 
actually  more  than  any  finite  Number ;  which  feems  abfurd  in  ter¬ 
minis,  all  Number  being  compofed  of  Units,  and  no  two  Points 
or  Centers  being  at  a  Diftance  more  than  finite.  But  to  this  it 
may  be  anfwer’d,  that  by  the  fame  Argument  we  may  conclude 
againft  the  poftibility  of  eternal  Duration,  becaufe  no  number  of 
Days,  or  Years,  or  Ages,  can  compleat  it.  Another  Argument 
I  have  heard  urged,  that  if  the  Number  of  Fix’d  Stars  were  more 
than  finite,  the  whole  Superficies  of  their  apparent  Sphere  would 
be  luminous,  for  that  thofe  fhining  Bodies  v/ouid  be  more  in  Num¬ 
ber  than  there  are  Seconds  of  a  Degree  in  the  Area  of  the  whole 
fpherical  Surface,  which  I  think  cannot  be  denied.  But  if  we  fup- 
pofe  all  the  Fix’d  Stars  to  be  as  far  from  one  another,  as  the 
neareft  of  them  is  from  the  Sun  ;  that  is,  if  we  may  fuppofe  the 
Sun  to  be  one  of  them,  at  a  greater  Diftance  their  Difks  and 
Light  will  be  diminifh’d  in  the  Proportion  of  Squares,  and  the 
Space  to  contain  them  will  be  increaled  in  the  fame  Proportion  ; 
fo  that  in  each  fpherical  Surface  the  Number  of  Stars  it  might 
contain,  will  be  as  the  Square  of  their  Diftances.  Put  then  the 

U  2  Diftances 
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Pittances  immenfely  great,  as  we  are  well  afiured  they  cannot 
but  be,  and  from  thence  by  an  obvious  Calculus ,  it  will  be  found, 
that  as  the  Light  of  the  Fix’d  Stars  diminiihes*  the  Intervals  between 
them  decreafe  in  a  lefs  Proportion,  the  one  being  as  the  Pittances,, 
and  the  others  as  the  Squares  thereof,,  reciprocally.  Add  to  this, 
that  the  more  remote  Stars,  and  thofe  far  fhort  of  the  remotett, 
vanifh  even  in  the  niceft  Telefcopes,  by  reafon  of  their  extream 
niinutenefs  ;  fo  that,  though  it  were  true,  that  fome  fuch  Stars 
are  in  fuch  a  Place,  yet  their  Beams,  aided  by  any  help  yet  known,, 
are  not  fuffi cient  to  move  our  Senfe ;  after  the  fame  manner  as  a 
fmall  Telefcopical  Fix’d  Star  is  by  no  means  perceivable  to  the' 
naked  Eye» 


OftbeNumher ,  II.  At  the  latt  meeting  of  the  Society,  I  adventured  to  propofe- 
Order ,  and  f0me  Arguments*  that  feemed  to  me  to  evince  the  Infinity  of  the 
Light  of  the  Sphere  of  Fix’d  Stars,  as  occupying  the  whole  Abyfs  of  Space,  or 
Fhef  S*e*r N®rhe  ™  which  at  prefent  is  generally  underttood  to  be  necefla- 
36^^24.  rily  Infinite  ;  and  thence  I  laid  before  you  what  may  feem  a  very 


Metaphyfical  Paradox ,  viz.  That  the  Number  of  Fix’d  Stars  mutt 
then  be  more  than  any  finite  Number,  and  fome  of  them  more 
than  at  a  finite  Pittance  from  others.  This  feems  to  involve  a 
Contradiction,  but  it  is  not  the. only  one  that  occurs  to  thofe  who- 
have  undertaken  freely  to  confider  the  Nature  of  Infinite,  which 
perhaps  the  very  narrow  Limits  of  humane  Capacity  cannot  attain  to. 

Since  then,  I  have,  attentively  examined  what  might  be  the  Con- 
fequence  of  an  Hypothefis,  that  the  Sun  being  one  of  the  Fix’d  Stars,, 
all  the  reft  were  as  far  diftant  from  one  another,  as  they  are  from 
us ;  and  by  a  due  Calculation  I  find,  that  there  cannot,  upon  that 
Suppotttion,  be  more  than  thirteen  Points  in  the  Surface  of  a 
Sphere,  as  far  diftant  from  the  Center  of  it,  as  they  are  from  one 
another  :  and  I  believe  it  would  be  hard  to  find  how  to  place  thirteen 
Globes  of  equal  Magnitude,  fo  as  to  touch  one  in  the  Center  :  for 
the  twelve  Angles  of  the  Icofaedron  are  from  one  another  very  lit¬ 
tle  more  diftant  than  from  its  Center ;  that  is,  the  Side  of  the 
Triangular  Bafe  of  that  Solid,  is  very  little  more  than  the  Semi- 
diameter  of  the  circumfcribed  Sphere,  it  being  to  it  nearly  as  21 
to  20  ;  fo  that  it  is  plain  that  fomewhat  more  than  twelve  equal 
Spheres  may  be  pofited  about  a  middle  one;  but  the  fpherical 
Angles  or  Inclinations  of  the  Planes  of  thefe  Figures  being  incom- 
menfurable  with  the  360  Pegrees  of  the  Circle,  there  will  befeve- 
ral  Interftices  left,  between  fome  of  the  twelve,  but  not  fuch  as  to 
receive  in  any  Part  the  thirteenth  Sphere. 

Hence  it  is  no  very  improbable  Conjecture,  that  the  Number  of 
the  Fix’d  Stars  of  the  firft  Magnitude  is  fo  fmall,  becaufe  this  fu- 
perior  Appearance  of  Light  arifes  from  their  nearnefs ;  thofe  that 
are  lefs  {hewing  themfelves  fo  fmall  by  reafon  of  their  greater  diftance. 


Now 
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N  ow  there  are  in  all  but  fixteen  fix’d  Stars  in  the  whole  Number 
of  them,  that  can  indifputably  be  accounted  of  the  firft  Magni¬ 
tude  ;  whereof  four  are  extra  Zodiacum  ;  viz.  Capella ,  Arflurus,  Lu¬ 
cida  Lj  rce ,  and  Lucida  Aquilae ,  to  the  North  ;  four  in  the  way  of 
the  Moon  and  Planets ,  to  wit,  Palilicium ,  Cor  Leonis ,  Spica ,  and 
Cor  Scorpii  v  and  five,  to  the  Southward ,  that  are  feen  in  England ,- 
viz.  The  Foot  and  Right  Shoulder  of  Orion ,  Sirius ,  Procyon,  and 
Fomalhaut ;  and  there  are  three  more  that  never  rife  in  our  Hori¬ 
zon,  ‘idz.  Canopus ,  Acharndr ,  and  the  Foot  of  the  Centaur. 

But  that  they  exceed  the  Number  thirteen,  may  be  eafily  accounted 
for  from  the  different  Magnitudes  that  may  be  feen  in  the  Stars  them-- 
felves  ;  and  perhaps  fome  of  them  may  be  much  nearer  to  one 
another,  than  they  are  to  us;  this  excels  of  Number  being  found 
fingly  in  the  Signs  of  Gemini  and  Cancer.  And  indeed  within  45 
Degrees  of  Longitude,  or  one  8th  of  the  whole,  there  are  no  lei's 
than  five  of  thefe  fixteen  to  be  feen.  If  therefore  the  Number  of 
them  be  fuppofed  thirteen ,  omitting  Niceties  in  a  Matter  of  fuch 
Irregularity,  at  twice  the  Diftance  from  the  Sun  there  may  be  pla¬ 
ced  four  times  as  many,  or  52  ;  which,  with  the  fame  Allowance, 
would  nearly  reprefent  the  Number  of  the  Stars  we  find  to  be  of 
the  2d  Magnitude  :  fo  9  x  13,  or  117,  for  thofe  at  three  times  the 
Diftance:  and  at  ten  times  the  Diftance  100  x  13  or  1300  Stars; 
which  Diftance  may  perhaps  diminifh  the  Light  of  any  of  the 
Stars  of  the  firft  Magnitude  to  that  of  the  fixth,  it  being  but  the 
hundredth  Part  of  whar,  at  their  prefer. t  Diftance,  they  appear  with. 

But  if.  fince  we  have  room  enough  for  it,  we  fliould  fuppofe  the 
Sphere  continued  to  10  times  the  laft,  or  100  times  the  firft 
Diftance,  the  Number  of  Stars  would  be  130,000,  and  they  would 
appear  but  with  the  1 0,000th  Part  of  the  Light  of  a  firft  Mag¬ 
nitude  Star,  as  we  now  fee  it.  This  is  fo  fmall  a  Pulfe  of  Light, 
that  it  may  well  be  queftioned,  whether  the  Eye,  aiTifted  with 
any  artificial  help,  can  be  made  fenfible  thereof.  But  100  times 
the  Diftance  of  a  Star  wc  fee,  is  ftill  Finite :  from  whence  I  leave 
thofe  that  pleafe  to  confiderit  attentively,  to  draw  the  Conclufion. 


III.  The  following  Obfervations  were  begun  by  the  Honourable  Motion  m  the 
Samuel  Molyneux,  Efq;  at  Kew,  continued  and  repeated  by  myfelf  ntFix'dStars  dij- 
Kew  and  IVanftead ,  in  hopes  of  verifying  thofe,  that  *  Dr.  Hooke  ^er 
formerly  communicated  to  the  Public,  concerning  the  Parallax  °fthcVe!ocityavd 
the  Fix'd  Stars.  Therefore  the  fame  Star  was  made  choice  of  by  equable  Mo- 
Mr.  Molyneux,  almoft  the  fame  Method  follow’d,  and  his  Inftru-  tion  of  Light 
ment  conftrudled  upon  Principles  nearly  the  fame  ;  but  greatly  ex-  ^ 

ceeding  the  Doctor’s  in  exadlnefs,  which  was  chiefly  owing  to  our  ]ey 

p/364, 

*  An  Attempt  to  prove  the  Motion  of  the  Earth ,  from  Obfervations  made  by  Robert 
Hooke,  Fellow  of  the  Royal  Society,  Lond,  1674. 
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curious  Member  Mr.  George  Graham ,  to  whom  the  Lovers  of  Aftro- 
nomy  are  alfo  indebted  for  feveral  other  exadt  and  well  contriv¬ 
ed  Inftruments. 

Mr.  Molyneux' s  Apparatus  was  compleated  and  fitted  for  obferv- 
ing  about  the  End  of  November  1725,  and  on  the  third  Pay  of 
December  following,  the  bright  Star  in  the  Head  of  Draco  (mark¬ 
ed  y  by  Bayer)  was  for  the  firft  Time  obferved,  as  it  pafTed  near 
the  Zenith/ and  its  Situation  carefully  taken  with  the  Inftrument. 
The  like  Obfervations  were  made  on  the  5th,  nth,  and  12th 
Days  of  the  fame  Month,  and  there  appearing  no  material  Diffe¬ 
rence  in  the  Place  of  the  Star,  a  farther  Repetition  of  them  at 
this  Seafon  feemed  needlefs,  it  being  a  Part  of  the  Year,  where¬ 
in  no  fenfible  Alteration  of  Parallax  in  this  Star  could  foon  be  ex¬ 
pected.  It  was  chiefly  therefore  Curiofity  that  tempted  me  (being 
then  at  Kew,  where  the  Inftrument  was  fixed;  to  prepare  for  ob- 
ferving  the  Star  on  December  17th;  when  having  adjufted  the  In¬ 
ftrument  as  ufual,  I  perceived  that  it  paflfed  a  little  more  Southerly 
this  Day  than  when  it  v/as  obferved  before.  Not  fufpecting  any 
other  Caufe  of  this  Appearance,  we  firft  concluded,  that  it  was 
owing  to  the  Uncertainty  of  the  Obfervations,  and  that  either  this 
or  the  foregoing  were  not  fo  exaft  as  we  had  before  fuppofed  ;  for 
which  Reafon  we  purpofed  to  repeat  the  Obfervation  again,  in 
order  to  determine  from  whence  this  Difference  proceeded  ;  and 
upon  doing  it  on  December  20th,  I  found  that  the  Star  paffed  ftill 
more  Southerly  than  in  the  former  Obfervations.  This  fenfible 
Alteration  the  more  furprized  us,  in  that  it  was  the  contrary  way 
from  what  it  would  have  been,  had  it  proceeded  from  an  annual 
Parallax  of  the  Star-:  But  being  now  pretty  well  fatisfied,  that  it 
could  not  be  entirely  owing  to  the  want  of  Exaftnefs  in  the  Ob¬ 
fervations  *,  and  having  no  Notion  of  any  thing  elfe,  that  could 
caufe  fuch  an  apparent  Motion  as  this  in  the  Star  ;  we  began  to 
think  that  fome  Change  in  the  Materials,  (Ac.  of  the  Inftrument 
itfelf,  might  have  occafioned  it.  Under  thefe  Apprehenflons  we 
remained  fome  time,  but  being  at  length  fully  convinced,  by  fe¬ 
veral  Trials,  of  the  great  Exadlnefs  of  the  Inftrument,  and  finding 
by  the  gradual  Increafe  of  the  Star’s  Diftance  from  the  Pole,  that 
there  muft  be  fome  regular  Caufe  that  produced  it ;  we  took  care 
to  examine  nicely,  at  the  Time  of  each  Obfervation,  how  much  it 
was  :  and  about  the  Beginning  of  March  1726,  the  Star  was  found 
to  be  20"  more  Southerly  than  at  the  Time  of  the  firft  Obfervation. 
It  now  indeed  feemed  to  have  arrived  at  its  utmoft  Limit  South¬ 
ward,  becaufe  in  feveral  Trials  made  about  this  Time,  no  fenfible 
Difference  was  obferved  in  its  Situation.  By  the  Middle  of  April 
it  appeared  to  be  returning  back  again  towards  the  North  ;  and 
about  the  Beginning  of  June.,  it  paffed  at  the  fame  Diftance  from 
the  Zenith  as  it  had  done  in  December ,  when  it  was  firft  obferved. 

From 


of  the  Fixed  Stars  difnmjp.rd,  ki 

From  the  quick  Alteration  of  this  Star’s  Declination  about  this 
Time  (it  increafing  a  Second  in  three  Days)  it  was  concluded,  that 
it  would  now  proceed  Northward,  as  it  before  had  gone  South¬ 
ward  of  its  prefent  Situation ;  and  it  happened  as  was  conjectured: 
for  the  Star  continued  to  move  Northward  till  September  follow¬ 
ing,  when  it  again  became  ftationary,  being  then  near  20"  more 
Northerly  than  in  June ,  and  no  lefs  than  39"  more  Northerly  than 
it  was  in  March .  From  September  the  Star  returned  towards  the 
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South,  till  it  arrived  in  December  to  the  fame  Situation  it  was  in  at 
that  time  twelve  Months,  allowing  for  the  Difference  of  Declination 
on  account  of  the  Preceffion  of  the  Equinox. 

This  was  a  fufficient  Proof,  that  the  Inftrument  had  not  been  the 
Caufe  of  this  apparent  Motion  of  the  Star,  and  to  find  one  adequate  to 
fuch  an  Effect  feemed  a  Difficulty.  A  Nutation  of  the  Earth's  Axis  was 
one  of  the  firft  things  that  offered  itfelf  upon  this  occafion;  but  it  was 
foon  found  infufficient ;  for  though  it  might  have  accounted  for  the 
change  of  Declination  in  y  Draconis ,  yet  it  would  not  at  the  fame  time 
agree  with  the  Phaenomena  in  other  Stars  *,  particularly  in  a  fmall  one 
almoft  oppofite  in  right  Afcenfion  to  y  Draconis,  at  about  the  fame 
Diflance  from  the  North  Pole  of  the  Equator:  For,  though  this 
Star  feemed  to  move  the  fame  way,  as  a  Nutation  of  the  Earth’s 
Axis  would  have  made  it,  yet  it  changing  its  Declination  but  a- 
bout  half  as  much  as  y  Draconis  in  the  fame  time  (as  appeared 
upon  comparing  the  Obfervations  of  both  made  upon  the  lame 
Days,  at  different  Seafons  of  the  Year)  this  plainly  proved,  that 
the  apparent  Motion  of  the  Stars  was  not  occafioned  by  a  real  Nu¬ 
tation,  fince  if  that  had  been  the  Caufe,  the  Alteration  in  both  . 

Stars  would  have  been  near  equal. 

The  great  Regularity  of  the  Obfervations  left  no  room  to  doubt, , 
but  that  there  was  fome  regular  Caufe  that  produced  this  unex¬ 
pected  Motion,  which  did  not  depend  on  the  Uncertainty  or  Va¬ 
riety  of  the  Seafons  of  the  Year.  Upon  comparing  the  Obferva¬ 
tions  with  each  other,  it  was  difeovered,  that  in  both  the  fore- 
mentioned  Stars,  the  apparent  Difference  of  Declination  from  the 
Maxima ,  was  always  nearly  proportional  to  the  verfed  Sine  of  the 
Sun’s  Diflance  from  the  Equinoctial  Points.  This  was  an  Induce¬ 
ment  to  think,  that  the  Caufe,  whatever  it  was,  had  fome  Rela-  - 
tion  to  the  Sun’s  Situation  with  refpeCt  to  thofe  Points.  But  not 
being  able  to  frame  any  Hypothefis  at  that  Time,  fufficient  to 
folve  all  the  Phaenomena,  and  being  very  defirous  to  fearen  a  little 
farther  into  this  Matter  ;  I  began  to  think  of  ereCting  an  Inftru¬ 
ment  for  myfelf  at  TVanftead ,  that  having  it  always  at  Hand,  I 
might  with  the  more  Eafe  and  Certainty,  enquire  into  the  Laws 
of  this  new  Motion.  The  Confideration  likewife  of  being  able 
by  another  Inftrument,  to  confirm  the  Truth  of  the  Obfervations 
hitherto  made  with  Mr.  Molyneux's,  was  no  fmall  Inducement  to 
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me  ;  but  the  Chief  of  all  was,  the  Opportunity  I  fhould  thereby 
have  of  trying,  in  what  Manner  other  Stars  were  affected  by  the 
fame  Caufe,  whatever  it  was.  For  Mr.  Molyneux* s  Inftrument  be¬ 
ing  originally  defigned  for  obferving  y  Draconis  fin  order,  as  I 
laid  before,  to  try  whether  it  had  any  fenfible  Parallax)  was  fo 
contrived,  as  to  be  capable  of  but  little  Alteration  in  its  Dire&ion, 
not  above  feven  or  eight  Minutes  of  a  Degree :  and  there  being 
few  Stars  within  half  that  Diftance  from  the  Zenith  of  Kew ,  bright 
enough  to  be  well  obferved,  he  could  not,  with  his  Inftrument, 
throughly  examine  how  this  Caufe  affe&ed  Stars  differently  fituated 
with  refped  to  the  equinoctial  and  folftitial  Points  of  the  Eclip- 
tick. 

Thefe  Conffderations  determined  me  ;  and  by  the  Contrivance  and 
Direction  of  the  fame  ingenious  Perfon,  Mr.  Graham ,  my  Inftru¬ 
ment  was  fixed  up  Auguft  19,  1727.  As  I  had  no  convenient 
Place  where  I  could  make  ufe  of  fo  long  a  Telefcope  as  Mr.  Mo- 
lyneux'S)  I  contented  my  felf  with  one  of  but  little  more  than  half 
the  Length  of  his  (viz.  of  about  1.2  ~  Feet,  his  being  24  4)  judging 
from  the  Experience  which  I  had  already  had,  that  -this  Radius 
would  be  long  enough  to  adjuft  the  Inftrument  to  a  fufHcient  De¬ 
gree  of  Exadtnefs  ;  and  I  have  had  no  Reafon  fince  to  change 
my  Opinion:  for  from  all  the  Trials  I  have  yet  made,  lam  very 
well  fatis fied,  that  when  it  is  carefully  rectified,  its  Situation  may 
be  fecurely  depended  upon  to  half  a  Second.  As  the  Place  where 
my  Inftrument  was  to  be  hung,  in  fome  Meafure  determined  its 
Radius,  fo  did  it  alfo  the  Length  of  the  Arch,  or  Limb,  on  which 
the  Divifions  were  made  to  adjuft  it:  For  the  Arch  could  not  con¬ 
veniently  be  extended  farther,  than  to  reach  to  about  6°~  on  each 
Side  my  Zenith.  This  indeed  -was  fufff cient,  fince  it  gave  me  an 
Opportunity  of  making  Choice  of  feveral  Stars,  very  different 
both  in  Magnitude  and  Situation  ;  there  being  more  than  two 
hundred  inferred  in  the  Brilijh  Catalogue,  that  may  be  obferved 
with  it.  I  needed  not  to  have  extended  the  Limb  fo  far,  but 
that  I  was  willing  to  take  in  Capella ,  the  only  Star  of  the  firft 
Magnitude  that  comes  fo  near  my  Zenith. 

My  Inftrument  being  fixed,  I  immediately  began  to  obferve  fuch 
Stars  as  I  judged  moft  proper  to  give  me  light  into  the  Caufe  of 
the  Motion  already  mentioned.  There  was  Variety  enough  of  fmall 
ones ;  and  not  lefs  than  twelve,  that  I  could  obferve  through  all 
the  Seafonsof  the  Year;  they  being  bright  enough  to  be  feen  in 
the  Day-time,  when  neareft  the  Sun.  I  had  not  been  long  obferv- 
Ing,  before  I  perceived,  that  the  Notion  we  had  before  enter¬ 
tained  of  the  Stars  being  fartheft  North  and  South,  when  the  Sun 
was  about  the  Equinoxes,  was  only  true  of  thole  that  were  near 
the  folftitial  Colure :  And  after  I  had  continued  my  Obfervations 
a  few  Months,  I  difeovered,  what  I  then  apprehended  to  be  a 


of  the  Fixed  Stars  difcovered. 

general  Law,  obferved  by  all  the  Stars,  viz.  That  each  of  them 
became  ftationary,  or  was  fartheft  North  or  South,  when  they 
pafiTed  over  my  Zenith  at  fix  of  the  Clock,  either  in  the  Morning  or 
Evening.  I  perceived  likewife,  that  whatever  Situation  the  Stars 
were  in  with  refpedt  to  the  cardinal  Points  of  the  Ecliptick,  the 
apparent  Motion  of  every  one  tended  the  fame  Way,  when  they 
palled  my  Inftrument  about  the  fame  Hour  of  the  Day  or  Night; 
for  they  all  moved  Southward,  while  they  palled  in  the  Day,  and 
Northward  in  the  Night ;  fo  that  each  was  fartheft  North,  when 
it  came  about  fix  of  the  Clock  in  the  Evening,  and  fartheft  South, 
when  it  came  about  fix  in  the  Morning. 

Though  I  have  fince  difcovered,  that  the  Maxima  in  moft  of 
thefe  Stars  do  not  happen  exactly  when  they  come  to  my  Inftru- 
ment  at  thofe  Hours,  yet  not  being  able  at  that  time  to  prove 
the  contrary,  and  fuppofing  that  they  did,  I  endeavoured  to  find 
out  what  Proportion  the  greateft  Alterations  of  Declination  in  dif¬ 
ferent  Stars  bore  to  each  other;  it  being  very  evident,  that  they 
did  not  all  change  their  Declination  equally.  I  have  before  taken  notice* 
that  it  appeared  from  Mr.  Molyneux’ s  Obfervations,  that  y  Dra¬ 
conis  altered  its  Declination  about  twice  as  much  as  the  fore- 
mentioned  fmall  Star  almoft  oppofite  to  it  ;  but  examining  the 
Matter  more  particularly,  I  found  that  the  greateft  Alteration  of 
Declination  in  thefe  Stars,  was  as  the  Sine  of  the  Latitude  of  each 
refpe&ively.  This  made  me  fufpefb  that  there  might  be  the  like 
Proportion  between  the  Maxima  of  other  Stars  ;  but  finding,  that 
the  Obfervations  of  fome  of  them  would  not  perfedly  correfpond 
with  fuch  an  Hypothefis,  and  not  knowing,  whether  the  fmall 
Difference  I  met  with,  might  not  be  owing  to  the  Uncertainty 
and  Error  of  the  Obfervations,  I  deferred  the  farther  Examination 
into  the  Truth  of  this  Hypothefis,  till  I  fhould  be  furnifhed  with  a 
Series  of  Obfervations  made  in  all  Parts  of  the  Year  ;  which  might 
enable  me,  not  only  to  determine  what  Errors  the  Obfervations 
are  liable  to,  or  how  far  they  may  fafely  be  depended  upon  ;  but 
alfo  to  judge,  whether  there  had  been  any  fenfible  Change  in  the 
Parts  of  the  Inftrument  itfelf. 

Upon  thefe  Confiderations,  I  laid  afide  all  Thoughts  at  that 
Time  about  the  Caufe  of  the  fore-mentioned  Phaenomena,  hoping 
that  I  fhould  the  eafier  difcover  it,  when  I  was  better  provided 
with  proper  Means  to  determine  more  precifely  what  they  were. 

When  the  Year  was  compleated,  I  began  to  examine  and  com¬ 
pare  my  Obfervations,  and  having  pretty  well  fatisfied  myfelf 
as  to  the  general  Laws  of  the  Phenomena,  I  then  endeavoured  to 
find  out  the  Caufe  of  them.  I  was  already  convinced,  that  the  apparent 
Motion  of  the  Stars  was  not  owing  to  a  Nutation  of  the  Earth’s 
Axis.  The  next  Thing  that  offered  itfelf,  was  an  Alteration  in 
the  Direftion  of  the  Plumb-line ,  with  which  the  Inftrument  was  con- 
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ftantly  re&ified  ;  but  this  upon  Trial  proved  infufficient.  Then  I 
confrdered  what  Refraction  might  do,  but  here  alfo  nothing  fa- 
tisfadfory  occurred.  At  laft  I  conjedtured,  that  all  the  Phenome¬ 
na  hitherto  mentioned,  proceeded  from  the  progrejfve  Motion  of 
Light  and  the  Earth's  annual  Motion  in  its  Orbit .  For  I  per¬ 
ceived,  that,  if  Light  was  propagated  in  Time,  the  apparent  Place 
of  a  fix’d  Object  would"  not  be  the  fame  when  the  Eye  is  at 
Reft,  as  when  it  is  moving  in  any  other  Diredtion,  than  that  of 
the  Line  pafling  through  the  Eye  and  Objedf;  and  that,  when 
the  Eye  is  moving  in  different  Directions,  the  apparent  Place  of 
the  Objedl  would  be  different. 

I  confidered  this  Matter  in  the  following  Manner.  I  imagined 
C  A  to  be  a  Ray  of  Light,  falling  perpendicularly  upon  the  Line 
B  D  •,  then  if  the  Eye  is  at  reft  at  A,  the  Objedt  muft  appear  in 
the  Diredtion  A  C,  whether  Light  be  propagated  in  Time  or  in 
an  Inftant.  But  if  the  Eye  is  moving  from  B  towards  A,  and' 
Light  is  propagated  in  Time,  with  a  Velocity  that  is  to  the  Ve¬ 
locity  of  the  Eye,  as  C  A  to  BA;  then  Light  moving  from  C 
to  A,  whilft  the  Eye  moves  from  B  to  A,  that  Particle  of  ity 
by  which  the  Objedt  will  be  difcerned,  when  the  Eye  in  its  Mo¬ 
rion  comes  to  A,  is  at  C  when  the  Eye  is  at  B.  Joining  the  Points 
B,  C,  I  fuppofed  the  Line  C  B,  to  be  a  Tube  (inclined  to  the  Line. 
BD  in  the  Angle  DB  Cj  of  fuch  a  Diameter,  as  to  admit  of  but 
one  Particle  of  Light ;  then  it  was  eafy  to  conceive,  that  the  Par¬ 
ticle  of  Light  at  C  (by  which  the  Objedt  muft  be  feen  when  the 
Eye,  as  it  moves  along,  arrives  at  A)  would  pafs  through  the  Tube 
B  C,  if  it  is  inclined  to  B  D  in  the  Angle  DB  C,  and  accompa¬ 
nies  the  Eye  in  its  Motion  from  B  to  A  ;  and  that  it  could  not 
come  to  the  Eye,  placed  behind  fuch  a  Tube,  if  it  had  any  o- 
ther  Inclination  to  the  Line  B  D.  If  infteadof  fuppofing  C  B  fo 
fmall  a  Tube,  we  imagine  it  to  be  the  Axis  of  a  larger;  then  for 
the  fame  Reafon,  the  Particle  of  Light  at  C,  could  not  pafs  through 
that  Axis,  unlefs  it  is  inclined  to  B  D;  in  the  Angle  C  B  D.  In  like 
manner,  if  the  Eye  moved  the  contrary  way,  from  D  towards  A,  with 
the  fame  Velocity  ;  then  the  Tube  muft  be  inclined  in  the  Angle  BDC. 
Although  therefore  the  true  or  real  Place  of  an  Objedt  is  perpen¬ 
dicular  to  the  Line  in  which  the  Eye  is  moving,  yet  the  vifible 
Place  will  not  be  fo,  fince  that,  no  doubt,  muft  be  in  the  Diredtion 
of  the  Tube  ;  but  the  Difference  between  the  true  and  apparent 
Place  will  be  (ceteris  paribus)  greater  or  lets,  according  to  the  dif¬ 
ferent  Proportion  between  the  Velocity  of  Light  and  that  of  the 
Eye.  So  that  if  we  could  fuppofe  that  Light  was  propagated  in* 
an  Inftant,  then  there  would  be  no  Difference  between  the  real  and. 
vifible  Place  of  an  Objedt,  altho’  the  Eye  were  in  Motion,  for  in 
that  cafe,  A  C  being  infinite  with  Refpedl  to  A  B,  the  Angle 
A  C  B,  (the  Difference  between  -  the  true  and. vifible  Place)  vanifhes. 

But 
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*The  Caufe  of  this  new  Motion  applied . 

But  if  Light  be  propagated  in  Time  (whicli  I  prefume  will  rea¬ 
dily  be  allowed  by  mod  of  the  Philofophers  of  this  Age)  then  it  is 
evident  from  the  foregoing  Confiderations,  that  there  will  be  always 
a  Difference  between  the  real  and  viffble  Place  of  an  Objedt,  unlefs 
the  Eye  is  moving  either  diredtly  towards  or  from  the  Object.  And 
in  all  Cafes,  the  Sine  of  the  Difference  between  the  real  and  viffble 
Place  of  the  Object,  will  be  to  the  Sine  of  the  viffble  Inclination  of 
the  Object  to  the  Line  in  which  the  Eye  is  moving,  as  the  Velo¬ 
city  of  the  Eye  to  the  Velocity  of  Light. 

If  Light  moved  but  1000  times  fafter  than  the  Eye,  and  an 
Objedt  (fuppofed  to  be  at  an  infinite  Diftance)  was  really  placed  - 
perpendicularly  over  the  Plain  in  which  the  Eye  is  moving,  it  fol¬ 
lows  from  what  hath  been  already  faid,  that  the  apparent  Piace 
of  fuch  an  Object  will  be  always  inclined  to  that  Plain,  in  an  Angle 
of  89°  56^  ;  fo  that  it  will  conftantly  appear  3  -  from  its  true  Place, 
and  feem  fo  much  lefs  inclined  to  the  Plain,  that  way  towards  which 
the  Eye  tends.  That  is,  if  A  C  is  to  A  B  (or  A  D)  as  1000  to 
one,  the  Angle  ABC  will  be  89°  56'^,  and  A  C  B  zr  3 and 
B  C  D  —  2  A  C  B  =  7'.  So  that  according  to  this  Suppofftion,  the 
viffble  or  apparent  Place  of  the  Objedt  will  be  altered  7 ',  if  the 
Diredtion  of  the  Eye’s  Motion  is  at  one  time  contrary  to  what  it  is 
at  another. 

If  the  Earth  revolve  round  the  Sun  annually,  and  the  Velocity 
of  Light  were  to  the  Velocity  of  the  Earth’s  Motion  in  its  Orbit 
(which  I  will  at  prefent  fuppofe  to  be  a  Circle)  as  1000  to  one; 
then  ’tis  eafy  to  conceive,  that  a  Star  really  placed  in  the  very  Pole 
of  the  Ecliptick,  would,  to  an  Eye  carried  along  with  the  Earth, 
feem  to  change  its  Place  continually,  and  (negledfing  the  fmall  Dif¬ 
ference  on  the  Account  of  the  Earth’s  diurnal  Revolution  on  its 
Axis)  would  feem  to  deferibe  a  Circle  round  that  Pole,  everyWay 
diftant  therefrom  3'-.  So  that  its  Longitude  would  be  varied  through 
all  the  Points  of  the  Ecliptick  every  Year  ;  but  its  Latitude  would 
always  remain  the  fame.  Its  Right  Afcenffon  would  alfo  change, 
and  its  Declination,  according  to  the  different  Situation  of  the  Sun 
in  refpedt  to  the  equinodtial  Points  *,  and  its  apparent  Diftance  from 
the  North  Pole  of  the  Equator  would  be  7'  lefs  at  the  Autumnal, 
than  at  the  Vernal  Equinox. 

The  greatef!  Alteration  of  the  Place  of  a  Star  in  the  Pole  of  the 
Ecliptick  for  which  in  Effedt  amounts  to  the  lame,  the  Proportion 
between  the  Velocity  of  Light  and  the  Earth’s  Motion  in  its  Orbit ) 
being  known ;  it  will  not  be  difficult  to  find  what  would  be  the 
Difference  upon  this  Account,  between  the  true  and  apparent  Place 
•or  any  other  Star  at  any  time ;  and  on  the  contrary,  the  Difference 
between  the  true  and  apparent  Place  being  given  ,  the  Proportion 
between  the  Velocity  of  Light  and  the  Earth’s  Motion  in  its  Orbit 
may  be  found. 
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The  Cauje  of  this  new  Motion  applied. 

As  I  only  obferved  the  apparent  Difference  of  Declination  of  the 
Stars,  I  (hall  not  now  take  any  farther  Notice  in  what  manner  fuch 
a  Caufe  as  I  have  here  fuppofed  would  occafion  an  Alteration  in 
their  apparent  Places  in  other  Refpedts ;  but,  fuppoflng  the  Earth 
to  move  equally  in  a  Circle,  it  may  be  gathered  from  what  hath 
been  already  (aid,  that  a  Star  which  is  neither  in  the  Pole  nor 
Plain  of  the  Ecliptick,  will  feem  to  defer i be  about  its  true  Place 
a  Figure,  infenfibly  different  from  an  Eilipfe,  whofe  Tranfverfe 
Axis  is  at  a  Right-angle  to  the  Circle  of  Longitude  pa  (Ting  through 
the  Star’s  true  Place,  and  equal  to  the  Diameter  of  the  little  Circle 
deferibed  by  a  Star  (as  was  before  fuppofed)  in  the  Pole  of  the  E- 
cliptick  5  and  whofe  Conjugate  Axis  is  to  its  Tranfverfe  Axis,  as 
the  Sim  of  the  Star’s  Latitude  to  the  Radius.  And  allowing  that 
a  Star  by  its  apparent  Motion  does  exactly  deferibe  fuch  an  Ei¬ 
lipfe,  it  will  be  found,  that  if  A  be  the  Angle  of  Pofuion  (or  the 
Angle  at  the  Star  made  by  two  great  Circles  drawn  from  it,  thro5, 
the  Poles  of  the  Ecliptick  and  Equator)  and  B  be  another  Angle, 
whofe  Tangent  is  to  the  Tangent  of  A  as  Radius  to  the  Sine  of  the 
Latitude  of  the  Star*,  then  B  will  be  equal  to  the  Difference  of  Lon¬ 
gitude  between  the  Sun  and  the  Star,  when  the  true  and  apparent 
Declination  of  the  Star  are  the  fame.  And  if  the  Sun’s  Longitude 
in  the  Ecliptick  be  reckoned  from  that  Point,  wherein  it  is  when 
this  happens  •,  then  the  Difference  between  the  true  and  apparent  De¬ 
clination  of  the  Star  (on  Account  of  the  Caufe  I  am  now  confider- 
ing)  will  be  always  as  the  Sine  of  the  Sun’s  Longitude  from  thence. 
It  will  likewife  be  found  that  the  greateft  Difference  of  Declination 
diat  can  be  between  the  true  and  apparent  Place  of  the  Star,  will 
be  to  the  Semi -Tranfverfe  Axis  of  the  Eilipfe  for  to  the  Semi¬ 
diameter  of  the  little  Circle  deferibed  by  a  Star  in  the  Pole  of  the 
Ecliptick)  as  the  Sine  of  A  to  the  Sine  of  B. 

If  the  Star  hath  North  Latitude,  the  Time,  when  its  true  and 
apparent  Declination  are  the  fame,  is  before  the  Sun  comes  in  Con¬ 
junction  with  or  Oppofftion  to  it,  if  its  Longitude  be  in  the  ffrd 
or  laft  Quadrant  {viz.  in  the  afeending  Semi-circle)  of  the  E- 
ciiptick  *3  and  after  them,  if  in  the  defending  Semi-circle  *,  and  it 
will  appear  neareff  to  the  North  Pole  of  the  Equator,  at  the  Time 
of  that  Maximum  (or  when  the  greated  Difference  between  the  true 
and  apparent  Declination  happens j  which  precedes  the  Stiffs  Con¬ 
junction  with  the  Star. 

Thefe  Particulars  being  fufficient  for  my  prefent  Purpofe,  I  (hall 
not  detain  you  with  the  Recital  of  any  more,  or  with  any  farther 
Explication  of  thefe.  It  may  be  time  enough  to  enlarge  more  up¬ 
on  this  Head,  when  I  give  a  Defer iption  of  die  Indruments,  &V.  if 
that  be  judged  neceffary  to  be  done  •,  and  when  I  (hall  find,  what 
I.  now  advance,  to  be  allowed  of  (as  I  flatter  my felf  it  will)  as 
ibraething  more  than  a.  bare  Hypothdis.  1  have  purpofdy  omitted 
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*The  V elocity  of  Light  determined . 

fotne  matters  of  no  great  Moment,  and  confidered  the  Earth  as 
moving  in  a  Circle,  and  not  an  Ellijpfe,  to  avoid  too  perplexed  a 
Calculus ,  which  after  all  the  Trouble  of  it  would  not  fenfibly  dif¬ 
fer  from  that  which  I  make  uieof,  efpecially  in  thofe  Confequences 
which  I  fhall  at  prefent  draw  from  the  foregoing  Hypothecs. 

This  being  premifed,  I  fhall  now  proceed  to  determine  from  the 
Obfervations,  what  the  real  Proportion  is  between  the  Velocity  of 
Light  and  the  Velocity  of  the  Earth’s  annual  Motion  in  its  Orbit; 
upon  Suppofition  that  the  Phenomena  before  mentioned  do  depend 
upon  the  Caufes  I  have  here  aligned.  But  I  muft  fir  ft  let  you 
know,  that  in  all  the  Obfervations  hereafter  mentioned,  1  have  made 
an  Allowance  for  the  Change  of  the  Star’s  Declination  on  Account 
of  the  Preceffion  of  the  Equinox,  upon  Suppofition  that  the  Alte¬ 
ration  from  this  Caufe  is  proportional  to  the  Time,  and  regular 
through  all  the  Parts  of  the  Year.  I  have  deduced  the  real  annual 
Alteration  of  Declination  of  each  Star  from  the  Obfervations  them- 
felves  ;  and  I  the  rather  choofe  to  depend  upon  them  in  this  Article, 
becaufe  all  which  I  have  yet  made,  concur  to  prove,  that  the  Scars 
near  the  Equinoctial  Colure,  change  their  Declination  at  this -time 
1"  ~  or  2"  in  a  Year  more  than  they  would  do  if  the  Preceffion 
was  only  50",  as  is  now  generally  fuppofed.  1  have  likewife  met- 
with  fome  fmall  Varieties  in  the  Declination  of  other  Stars  in  dif¬ 
ferent  Years,  which  do  not  feem  to  proceed  from  the  fame  Caufe, 
particularly  in  thofe  that  are  near  the  folftitial  Colure,  which  on 
the  contrary  have  altered  their  Declination  lefs  than  they  ought,  if 
the  Preceffion  was  50".  But  whether  thefe  fmall  Alterations  pro¬ 
ceed  from  a  regular  Caufe,  or  are  occafioned  by  any  Change  in 
the  Materials,  &c.  of  jny  Inftrument,  I  aim  not  yet  able  fully  to 
determine.  However,  I  thought  it  might  not  be  am  ifs  juft  to  men¬ 
tion  to  you  how  1  have  endeavoured  to  allow  for  them,  though 
the  Refult  would  have  been  nearly  the  fame,  if  I  had  not  confi¬ 
dered  them  at  all.  What  that  is,  I  will  fhew,  firft  from  the  Obfer¬ 
vations  of  y  Draconis ,  which  was  found  to  be  39"  more  Southerly 
in  the  Beginning  of  March,  than  in  September. 

From  what  hath  been  premifed,  it  will  appear  that  the  greateft 
Alteration  of  the  apparent  Declination  of  y  Draconis ,  on  Account 
of  the  fucceffive  Propagation  of  Light,  would  be  to  the  Diameter 
of  the  little  Circle  which  a  Star  (as  was  before  remarked)  would 
feem  to  deferibe  about  the  Pole  of  the  Ecliptick,  as  39"  to  40', 4. 
The  half  of  this  is  the  Angle  ACB  (as  repreiented  in  the  Fig.) 
This  therefore  being  20",  2,  AC  will  be  to  A  B,  that  is,  the 


Velocity  of  Light  to  the  Velocity  of  the  Eye  (which  in  this  Cafe 
may  be  fuppofed  the  ft  me  as  the  Velocity  of  the  Earth’s  annual”. 
Motion  in  its  Orbit)  as  10210  ro  One,  from  whence  it  would  fol¬ 
low,  that  Light  moves,  or  is  propagated  as  far  as  from  the  Sun¬ 
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‘T he  Velocity  and  equable  Motion 

It  is  well  known,  that  Mr.  Romer ,  who  firft  attempted  to  ac¬ 
count  for  an  apparent  Inequality  in  the  Times  of  the  Eclipfes  of 
Jupiter's  Satellites,  by  the  Hypothefis  of  the  progrefiive  Motion  of 
Light,  fuppofed  that  it  (pent  about  n  Minutes  of  Time  in  its 
Paffage  from  the  Sun  to  us  :  but  it  hath  fince  been  concluded  by 
others  from  the  like  Eclipfes,  that  it  is  propagated  as  far  in  about 
7  Minutes.  The  Velocity  of  Light  therefore  deduced  from  the 
foregoing  Hypothefis,  is  as  it  were  a  Mean  betwixt  what  had  at 
different  times  been  determined  from  the  Eclipfes  of  Jupiter's  Sa¬ 
tellites. 

Thefe  different  Methods  of  finding  the  Velocity  of  Light  thus 
agreeing  in  the  Refult,  we  may  reafonably  conclude,  not  only  that 
thefe  Phenomena  are  owing  to  the  Caufes  to  which  they  have  been 
afcribed  •,  but  alfo  that  Light  is  propagated  (in  the  fame  Medium) 
with  the  fame  Velocity  after  it  hath  been  reflected  as  before  :  for 
this  will  be  the  Confequence,  if  we  allow  that  the  Light  of  the 
Sun  is  propagated  with  the  fame  Velocity,  before  it  is  reflected, 
as  the  Light  of  the  Fix'd  Stars .  And  I  imagine  this  will  fcarce 
be  queftioned,  if  it  can  be  made  appear  that  the  Velocity  of  the 
Light  of  all  the  Fix'd  Stars  is  equal,  and  that  :their  Light  moves 
or  is  propagated  through  equal  Spaces  in  equal  Times,  at  all  Diftances 
from  them  :  both  which  Points  (as  I  apprehend)  are  fufficiently 
proved  from  the  apparent  Alteration  of  the  Declination  of  Stars 
of  different  Luftre  ;  for  that  is  not  fenfibly  different  in  fuch  Stars 
as  feem  near  together,  though  they  appear  of  very  different  Mag¬ 
nitudes.  And  whatever  their  Situations  are  (if  I  proceed  according 
to  the  foregoing  Hypothefis)  I  find  the  fame  Velocity  of  Light 
from  my  Obfervations  of  fmall  Stars  of  the  fifth  or  fixth,  as  from 
thofe  of  the  fecond  and  third  Magnitude,  which  in  all  probabili¬ 
ty  are  placed  at  very  different  Diffances  from  us.  The  fmall  Star, 
for  Example,  before  fpoken  of,  that  is  almofl  oppofite  to  y  Dra¬ 
conis  (being  the  35th  Camelopard.  Hevelii  in  Mr.  Flamfteed' s  Ca¬ 
talogue)  was  19"  more  Northerly  about  the  Beginning  of  March 
than  in  ■ September .  Whence  I  conclude,  according  to  my  Plypo- 
thefis,  that  the  Diameter  of  the  little  Circle  defcribed  by  a  Star  in 
the  Pole  of  the  Ecliptick  would  be  40",  2. 

The  laft  Star  of  the  great  Bear’s- tail  of  the  2^  Magnitude  (mark¬ 
ed  n  by  Bayer)  was  36"  more  Southerly  about  the  Middle  of  Janu¬ 
ary  than  in  July.  Hence  the  Maximum ,  or  greateff  Alteration  of 
Declination  of  a  Star  in  the  Pole  of  the  Ecliptick  would  be  46", 4, 
exactly  the  fame  as  was  before  found  from  the  Obfervations  of  y 
Draconis. 

The  Star  of  the  5th  Magnitude  in  the  Head  of  Perfeus  mark¬ 
ed  r  by  Bayer ,  was  25"  more  Northerly  about  the  End  of  De¬ 
cember  than  on  the  29th  of  July  following.  Hence  the  Maximum 
would  be  41".  This  Star  is  not  bright  enough  to  be  feen  as  it 
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cf  all  Light  deduced. 

pafies  over  my  Zenith  about  the  End  of  June,  when  it  fhould  be 
according  to  the  Hypothecs  fartheft  South.  But  becaufe  I  can 
more  certainly  depend  upon  the  greateft  Alteration  of  Declination 
of  thofe  Stars,  which  I  have  frequently  obferved  about  the  Times* 
when  they  become  ftationary,  with  refpedt  to  the  Motion  I  am 
now  confidering  ;  I  will  fet  down  a  few  more  Inftances  of  fuch, 
from  which  you  may  be  able  to  judge  how  near  it  may  be  poftible 
from  thefe  Obfervations,  to  determine  with  what  Velocity  Light 
is  propagated. 

a  Perfei  Bayero  was  23"  more  Northerly  at  the  beginning  of 
January  than  in  July.  Hence  the  Maximum  would  be  40",  2. 

a  CaJJiopea  was  34"  more  Northerly  about  the  End  of  December 
than  in  June.  Hence  the  Maximum  would  be  40",  8. 

/3  Draconis  was  39"  more  Northerly  in  the  beginning  of  September 
than  in  March  ;  hence  the  Maximum  would  be  40  ',  2. 

Capella  wras  about  16  '  more  Southerly  in  Augufl  than  in  February  ; 
hence  the  Maximum  would  be  about  40".  But  this  Star  being  farther 
from  my  Zenith  than  thofe  I  have  before  made  ufe  of,  I  cannot  fo  well 
depend  upon  my  Obfervations  of  it,  as  of  the  others;  becaufe  I 
meet  with  fome  fmall  Alterations  of  its  Declination  that  do  not  feem 
to  proceed  from  the  Caufe  I  am  now  confidering. 

I  have  compared  the  Obfervations  of  feveral  other  Stars,  and 
they  all  confpire  to  prove  that  the  Maximum  is  about  40"  or  41". 

I  will  therefore  fuppole  that  it  is  40"  \  or  (which  amounts  to  the 
fame)  that  Light  moves,  or  is  propagated  as  far  as  from  the  Sun 
to  us  in  8'  13".  The  near  Agreement  which  I  met  with  among  my 
Obfervations  induces  me  to  think,  rhat  the  Maximum  (as  I  have 
here  fixed  it)  cannot  differ  fo  much  as  a  Second  from  the  Truth, 
and  therefore  it  is  probable  that  the  Time  which  Light  fpends  in 
paffing  from  the  Sun  to  us,  may  be  determined  by  thefe  Obferva¬ 
tions  within  5"  or  10"  ;  which  is  fuch  a  Degree  of  exactnefs  as  we 
can  never  hope  to  attain  from  the  Eclipfes  of  Jupiter's  Satel¬ 
lites*. 

Having- thus  found  the  Maximum ,  or  what  the  greateft  Altera¬ 
tion  of  Declination  would  be  in  a  Star  placed  in  the  Pole  of  the 
Ecliptick,  I  will  now  deduce  from  it  (according  to  the  foregoing 
Hypothefis)  the  Alteration  of  Declination  in  one  or  two  Stars,  aC 
fuch  times  as  they  were  actually  obferved,  in  order  to  fee  how  the 
Hypothefis  will  correspond  with  the  Phcencmena  through  all  die 
Parts  of  the  Year. 

It  would  be  too  tedious  to  fet  down  the  whole  Series  of  my 
Obfervations  ;  1  will  therefore  make  Choice  only  of  fuch  as  are 
moft  proper  for  my  prefent  Purpoie,  and  will  begin  with  thofe  ot 
y  Draconis. 

This  Star  appeared  fartheft  North  about  September 7 di,  1727,  as 
it.  ought  to  have  done  according  to  my  Hypothefis.  The  fol¬ 
lowing. 
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lowing  Table  fhews  how  much  more  Southerly  the  Star  was  found 
to  be  by  Obfervation  in  leveral  Parts  of  the  Year,  and  likewife 
how  much  more  Southerly  it  ought  to  be  according  to  the  Hy~ 
pothefis. 
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Hence  it  appears,  that  the  Hy pothefis  correfponds  with  the  Ob- 
fervations  of  this  Star  through  all  Parts  of  the  Year  ;  for  the  fmall 
Differences  between  them  feem  to  arife  from  the  Uncertainty  of 
the  Obfervations,  which  is  occafioned  (as  I  imagine)  chiefly  by  the 
tremulous  or  undulating  Motion  of  the  Air,  and  of  the  Vapours 
in  it*,  which  caufes  the  Stars  fometimes  to  dance  to  and  fro,  fo 
much  that  it  is  difficult  to  judge  when  they  are  exadly  on  the 
Middle  of  the  Wire  that  is  fixed  in  the  common  Focus  of  the 
Glaffes  of  the  Telefcope.  ,  ■■  j| 

I  muff  confefs  to  you,  that  the  Agreement  of  the  Obfervations 
with  each  other,  as  well  as  with  the  Flypothefis,  is  much  greater 
than  I expeded  to  find,  before  I  had  compared  them;  and  it  may 
poffibly  be  thought  to  be  too  great,  by  thofe  who  have  been  ufed 
to  Aftronomical  Obfervations,  and  know  how  difficult  it  is  to  make 
fuch  as  are  in  all  refpeds  exad.  But  if  it  would  be  any  Satis- 
fadion  to  fuch  Perfons  (till  I  have  an  Opportunity  of  deferibing  my 
Inftrument  and  the  manner  of  ufing  it)  1  could  aflure  them,  that  in 
above  70  Obfervations  which  I  made  of  this  Star  in  a  Year,  there 
is  but  one  (and  that  is  noted  as  very  dubious  on  account  of  Clouds) 
which  differs  from  the  foregoing  Hy  pothefis  more  than  2",  and 
this  does  not  differ  3". 

This  therefore  being  the  Fad,  I  cannot  but  think  it  very  pro¬ 
bable,  that  the  'Phcemmena  proceed  from  the  Caufe  I  have  affign- 
cd,  fince  the  foregoing  Obfervations  make  it  fufficiently  evident, 
that  the  Efled  of  the  real  Caufe,  whatever  it  is,  varies  in  this  Star, 
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in  the  fame  Proportion  that  it  ought  according  to  the  Hypo- 
thefis. 

But  left  y  Draconis  may  be  thought  not  fo  proper  to  fhew  the 
Proportion,  in  which  the  apparent  Alteration  of  Declination  is  in- 
creafed  or  diminilhed,  as  thofe  Stars  which  lie  near  the  Equinoc¬ 
tial  Colure  :  I  will  give  you  alfo  the  Comparifon  between  the  Hy- 
pothefis  and  the  Obfervations  of  yj  Ur  fa  Major  is ,  which  was  far- 
theft  South  about  the  17th  Day  of  January  1728,  agreeable  to  the 
Hypothefis.  The  following  Table  fhews  how  much  more  Nor¬ 
therly  it  was  found  by  Obfervation  m  feveral  Parts  of  the  Year, 
and  alfo  what  the  Difference  fhould  have  been  according  to  the 
Hypothefis. 
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I  find  upon  Examination,  that  the  Hypothefis  agrees  altogether 
as  exa&ly  with  the  Obfervations  of  this  Star,  as  the  former  ;  for 
in  about  50  that  were  made  of  it  in  a  Year,  I  do  not  meet  with 
a  Difference  of  fo  much  as  2",  except  in  one,  which  is  mark’d  as 
doubtful  on  Account  of  the  Undulation  of  the  Air,  &c.  And  this 
does  not  differ  3"  from  the  Hypothefis. 

The  Agreement  between  the  Hypothefis  and  the  Obfervations  of 
this  Star  is  the  more  to  be  regarded,  fince  it  proves  that  the  Altera¬ 
tion  of  Declination,  on  account  of  the  Preceffion  of  the  Equinox, 
is  (as  I  before  fuppofed)  regular  thro*  all  Parts  of  the  Year;  fo  far 
at  lead,  as  not  to  occafion  a  Difference  great  enough  to  be  dif- 
covered  with  this  Inftrument.  It  likewife  proves  the  other  part 
of  my  former  Suppofition,  viz.  that  the  annual  Alteration  of  De¬ 
clination  in  Stars  near  the  Equinoctial  Colure,  is  at  this  Time 
greater  than  a  Preceffion  of  50"  would  occafion  :  for  this  Star  was 
20"  more  Southerly  in  September  1728,  than  in  September  1727,  that 
is,  about  2"  more  than  it  would  have  been,  if  the  Preceffion  was 
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buc  50 But  I  may  hereafter,  perhaps,  be  better  able  to  deter¬ 
mine  this  Point,  from  my  Obfervations  of  thofe  Stars  that  lie  near 
the  Equinodlial  Colure,  at  about  the  fame  Diftance  from  the  North 
Pole  of  the  Equator,  and  nearly  oppofite  in  right  Afcenfion. 

I  think  it  needlefs  to  give  you  the  Compar ifon  between  the 
Hypothefis  and  the  Obfervations  of  any  more  Stars  •,  fince  the  A<~ 
greement  in  the  foregoing  is  a  kind  of  Demonftration  (whether  it 
be  allowed  that  I  have  dilcovered  the  real  Caufe  of  the  Phenomena 
or  not;)  that  the  Hypothefis  gives  at  lead:  the  true  Law  of  the 
Variation  of  Declination  in  different  Stars,  with  Refpedt  to  their 
different  Situations  and  Afpects  with  the  Sun.  And  if  this  is  the 
Cafe,  it  muft  be  granted,  that  the  Parallax  of  the  Fix’d  Stars  is 
much  fmaller,  than  hath  been  hitherto  fuppofed  by  thofe,  who 
have  pretended  to  deduce  it  from  their  Obfervations.  I  believe, 
that  I  may  venture  to  fay,  that  in  either  of  the  two  Stars  lad: 
mentioned,  it  does  not  amount  to  2".  I  am  of  Opinion,  that  if  it 
were  1",  I  fhould  have  perceived  it,  in  the  great  number  of  Ob¬ 
fervations  that  I  made,  efpecially  of  y  Draconis  *,  which  agreeing 
with  the  Hypothefis.  (without  allowing  any  thing  for  Parallax) 
nearly  as  well  when  the  Sun  was  in  Conjunftion  with,  as  in  Op- 
pofition  to*  this  Star,  it  feems  very  probable  that  the  Parallax  of 
it  is  not  fo  great  as  one  fingle  Second  ;  and  confequently  that  it  is. 
above  400000  times  farther  from  us  than  the  Sun. 

P.  S.  As  to  the  Obfervations  of  Dr.  Hook ,  I  muft  own; 
that  before  Mr.  Molyneux' s  Inftrument  was  erefled,  I  had  no  fmall 
Opinion  of  their  Corredtnefs ;  the  Length  of  his  Telefcope  and  the 
Care  he  pretends  to  have  taken  in  making  them  exadf,  having 
been  ftrong  Inducements  with  me  to  think  them  fo.  And  fince  I 
have  been  convinced  both  from  Mr.  Molyneux’ s  Obfervations  and 
my  own,  that  the  Dodlor’s  are  really  very  far  from  being  either- 
exadl  or  agreeable  to  the  Phenomena ;  I  am  greatly  at  a  Lofs  how. 
to  account  for  it.  I  cannot  well  conceive  that  an  Inftrument  off 
the  Length  of  36  Feet,  conftrudted  in  the  Manner  he  defcribes  his,, 
could  have  been  liable  to  an  Error  of  near  30"  f  which  was  doubt- 
lefs  the  Cafe)  if  rectified  with  fo  much  Care  as  he  reprefents. 

The  Obfervations  of  Mr.  Flamjleed  of  the  different  Diftances  of 
the  Pole  Star  from  the  Pole  at  different  Times  of  the  Year,  which 
were  through  Miftake  looked  upon  by  fome  as  a  Proof  of  the 
annual  Parallax  of  it,  feem  to  have  been  made  with  much  greater 
Care  than  thofe  of  Dr.  Hook.  For  though  they  do  not  all  exact¬ 
ly  correfpond  with  each  other,  yet  from  the  whole,  Mr.  Flamjleed 
concluded  that  the  Star  was  35",  40",  or  45"  nearer  the  Pole  in  De¬ 
cember  than  in  May  or  July:  and  according  to  my  Hypothefis  it 
ought  to  appear  40"  nearer’  in  December  than  in  June.  The  A- 
grcement  therefore,  of  the  Obfervations  with  the  Hypothefis  is 
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greater  than  could  reafonably  be  expelled,  confidering  the  Radius 
of  the  Inftrument,  and  the  Manner  in  which  it  was  conftrufted. 


IV.  In  th t  Memoir  es  of  the  Royal  Academy  of  Paris,  for  the  Year  Mr.  Caflinft 
1717.  there  is  one  very  remarkable  Eftfay,  by  Mr.  'Cajfini,  con  -  EJTay on  the  ^ 
cerning  the  Annual  Parallax  of  the  Fix'd  Stars ,  and  particularly  of 
Sirius  3  and  in  Conclufion,  he  determines  the  Diameter  of  Sirius  to  Siriu "sclnfider- 
be  as  much  bigger  than  that  of  the  Sun ,  as  the  Sun's  is  greater  edbyDr.  Hal- 
than  that  of  the  Earth ,  which  he  fuppofes  to  be  100  times :  And  ley-  ^364. 
the  Diftance  from  the  Sun  to  the  Earth  being  certainly  about  100 ^  x* 
Diameters  of  the  Sun ,  it  will  follow,  that  the  Globe  of  Sirius  muft 
be  a  Sphere,  whofe  Diameter  muft  equal  the  Diftance  between 
the  Earth  and  Sun, 

To  prove  this,  he  tells  us  that  he  made  ?ufe  of  an  excellent 
Telefcope  of  34  French  Feet,  or  36  Englifh ,  leaving  an  Aperture 
of  but  an  Inch  and  half,  to  take  off  the  fpurious  Rays  of  the 
Star ,  which  then  appeared  round,  and  fufficiently  well  defined  3  and 
comparing  his  body  to  that  of  'Jupiter,  which  he  fays,  was  then 
50  Seconds  Diameter,  he  found  that  the  Diameter  of  Jupiter  was 
ten  times  greater  than  that  of  the  Star,  which  by  confequence  was 
feen  under  an  Angle  of  about  5  Seconds  3  which  is  his  firft  Po- 
fition. 

Then  he  tells  us,  that  to  make  the  Obfervations  of  the  Parallax 
of  this  Star  with  all  the  exadtnefs  poflible,  he  employed  a  Telef¬ 
cope  of  three  Foot ,  in  a  Copper  Tube,  having  fixed  in  the  com¬ 
mon  Focus  of  the  two  Glafies,  four  Threads  crofting  one  another  in 
the  Center,  under  Angles  of  45  Degrees.  This  Tube  he  firmly 
.fix’d  to  the  Plain  of  a  Mural  Arch ,  which  had  been  for  above  30 
Years  immoveably  cemented  to  the  Wall  of  the  Royal  Obfervatory , 
fo  that  there  w^s  no  fear  of  its  fettling  any  further  in  -the  Space 
of  one  Year  3  befides,  that  it  was  eafy  to  perceive  if  any  fuch  Al¬ 
teration  fhould  happen  to  it. 

Having  therefore  fix’d  his  three  Foot  Tube,  as  above,  fo  that, 
about  the  Beginning  of  April,  1714.  New  Stile,  the  Star  being  exact¬ 
ly  in  the  Meridian ,  paft  over  the  Center  of  the  Tube,  he  ob- 
ferved  that  on  the  20th  of  April  the  Star  touched  the  Horizontal 
Thread  with  its  under  Edge,  being  apparently  all  above  it,  in  the 
inverting  Tube,  but  really  below.  On  the  15th  of  May,  and  6th 
of  June,  it  paft  again  by  the  Center.  On  June  the  27th  it  appear¬ 
ed  a  little  under,  and  on  July  the  9th  it  was  found  to  touch  the 
under  Part  of  the  Thread.  On  October  the  5th  it  again  paft  by 
the  Center  3  but  on  December  the  29th,  it  touched  the  upper  Part 
of  the  Thread.  January  the  18  th,  1715.  being  the  coldeft  Day  of 
that  Winter,  it  paft  exadtly  by  the  Center  3  and  on  the  27th  of 
March ,  and  the  ift  of  April,  it  almoft  touched  the  upper  Side  of 
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the  Horizontal  Thread,  from  which  it  feem’d  a  little  feparated 
But  on  June  the  7th,  it  paft  a  little  under  the  Center  ;  and  on 
June  the  29th,  the  Sun  being  then  in  conjunction  with  Sirius,  it 
paft  under  the  Thread,  fo  as  to  touch  it  with  its  upper  Edge. 
Whence  it  appears,  that  in  the  Space  of  the  whole  Year,  there  had 
been  no  other  variation  of  the  Meridian  Altitude  of  Sirius ,  than  the 
Breadth  of  the  Thread,  which  appear’d  equal  to  the  Diameter  of 
the  Star,  which  he  takes  to  be  five,  or  at  moft  fix  Seconds. 

Suppofing  this  to  be  fo,  he  then  fhews  that  the  whole  Diameter 
of  the  annual  Orb  is  to  the  Diftance  of  Sirius ,  as  the  Sine  of  6’f 
to  the  Sine  of  390  33'  the  Latitude  of  the  Star,  whence  the  aforefaid 
immenfe  Magnitude  of  the  Body  thereof,  is  a  neceffary  Conic- 
queues. 

But  before  this  obtain  a  full  Affent,  it  may  not  perhaps  be 
amifs  to  enquire  whether  the  fuppos’d  vifible  Diameter  of  Sirius* 
were  not  an  Optick  Fallacy,  occafioned  by  the  great  Contraction 
of  the  Aperture  of  the  Objett  Glafs :  For  we  all  know  that  the  Di¬ 
ameters  of  Aldebaran  and  Spica  Virginis,  are  fo  fmall,  that  when  they 
happen  to  immerge  on  the  dark  Limb  of  the  Moon ,  they  are  fo 
far  from  lofing  their  Light  gradually,  as  they  muft  do  were  they 
of  any  fenfible  Magnitude,  that  they  vanifh  at  once  with  their  ut- 
moft  Luftre  *,  and  emerge  likewife  in  a  Moment,  not  fmall  at  firft, 
but  at  once  appear  with  their  full  Light,  even  though  the  Emer- 
fion  happen  very  near  the  Cufp  *,  where,  if  they  were  four  Seconds 
in  Diameter,  they  would  be  many  Seconds  of  Time  in  getting  en¬ 
tirely  feparated  from  the  Limb.  But  the  contrary  appears  to  ail 
thofe,  that  have  obferved  the  Occultations  of  thefe  bright  Stars. 
And  though  Sirius  be  bigger  than  either  of  them,  yet  he  is  by  far 
lefs' than  two  of  them  ;  and  confequently  his  Diameter  to  theirs  is 
lefs  than  the  Square  Root  of  2  to  1,  or  than  14  to  10  *,  whence, 
in  Mr.  C affini' s  excellent  36  Foot  Glafs,  thofe  Stars  ought  to  be  a- 
bout  four  Seconds  in  Diameter ;  and  they  would  undoubtedly  ap¬ 
pear  fo,  if  view’d  after  the;  fame  manner  ;  whereas  we  are  aliunde 
certain,  that  they  are  lefs  than  one  fingle  Second  in  Diameter.  The 
great  ftrength  of  their  native  Light,  forming  the  refemblance  of  a 
Body,  when  it  is  nothing  elfe  but  the  fpiffitudeof  their  Rays. 

As  to  the  other  Part  of  the  Argument,  that  the  Alteration  of 
the  Declination  of  Sirius,  on  the  Score  of  the  Accefs  of  the  Earth 
in  December ,  and  its  Recefs  in  June,  amounts  to  6  Seconds  ;  I  can 
only  remark,  that,  befides  that  a  Radius  of  3  Feet,  as  it  feems 
that  made  ufe  of  was  no  more,  is  fomewhat  too  fmall  for  fo  ex¬ 
tremely  nice  an  OBfervation,  6"  being  fubtended  by  the  Part 

of  an  Inch,  fome  of  the  Obfervations  before  recited  do  plainly 
fhew,  that  the  Refraction  of  the  Medium  did  intermix  with  thofe 
Differences  that  might  be  occafioned  by  the  Parallax . 
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But  the  principal  Objection  againft  the  Conclufion  of  this  Argu¬ 
ment,  feems  to  be,  that  the  Meridian  altitude  of  Sirius  at  Paris 
being  under  25  Degrees,  the  ordinary  Refraction  of  the  Star  is 
1*55"  or  1 15  Seconds  }  and  the  Barometer  rifing  and  falling  above 
two  Inches  in  Thirty,  thews  that  the  Denfity  of  the  Air,  on  that 
lcore«,  may  be  a  15th  Part  more  at  onetime  than  another.  Whence 
the  Refractions  being  always  proportional  to  the  Denfity  of  the  Me¬ 
dium ,,  as  we  have  all  ieen  it  often  demonftrated  by  Mr.  Hawkjbee ,  both 
in  Vacuo ,  and  in  a  doubly  and  trebly  condenfed  Air ,  it  is  plain  that  in 
that  Altitude  the  RefraCtion  of  a  Star  may  differ  about  7  or  8 
Seconds,  or  the  15th  Part  of  115",  which  is  more  than  the  whole 
Parallax  fuppofed  to  have  been  obferved. 

It  were  to  be  wifh’d  that  Mr.  Caffini  would  pleafe  to  try  this 
Matter  by  the  Lucida  Lyres ,  inffead  of  Sirius ,  which,  though  fome- 
what  Ids  than  him,  is  as  near  to  the  Solftitial  Colure ,  and  has  much 
greater  Latitude,  being  but  28  grad,  fiom  the  Pole  of  the  Eclip- 
tick9  whence  its.  Parallax  would  be  fo  much  greater,  and  being  at 
Paris  within  10  grad,  of  the  Zenith ,  the  grand  ObjeClion  of  the 
difference  of  RefraCtion,  would  be  almoff  wholly  removed. 

V.  We  are  greatly  obliged  to  the  late  Signior  Caffini  for  his  Remarks  upon 
Thought  of  applying  Threads  at  half  Right  Angles  in  the  com-  Obfervations, 
mon  Focus  of  a  Te  lei  cope,  to  determine  thereby  the  Differences  of  bL 
Right  Afcenfion  and  Declination  of  any  two  Stars,  whofe  fituation  ™  £>r.HaHey . 
is  fuch,  that  by  their  diurnal  Motion  they  follow  each  other  thro*  N°366./>.h3. 
the  Aperture  of  the  Telefcope,  fo  fixt  as  that  the  firft  of  them  may 
pals  over  the  Centre  of  the  Glafs,  and  move  exa&ly  along  one  of 
the  Threads,  whilff  the  interval  of  Time  between  the  Tranfit  there¬ 
of,  and  that  of  the  following  Star,  is  exaCfly  meafured  by  a  Pendu¬ 
lum  Clock  well  adjufted  to  the  mean  Motion  of  the  Sun,  or  elfe 
to  the  Revolution  of  the  fix’d  Stars,  whereby  the  Difference  of 
Right  Afcenfion  is  given  ;  as  is  the  Difference  of  Declination,  by  the 
time  the  following  Star  takes  to  pafs  from  one  diagonal  Thread 
to  the  other. 

This  manner  of  obferving  being  long  fince  publifhed,  will 
not  need  any  further  Explication  ;  but  it  may  not  be  amils 
to  fay  fomething  of  the  Sufficiency  thereof,  and  of  the  Exaft- 
nefs  of  which  an  Inftrument  of  fo  little  Charge  and  Apparatus  is 
capable  ;  efpecially  being  at  this  time  obliged  to  make  ufe  of  it 
and  the  Micrometer  only,  for  my  Obfervations. 

I  need  not  mention  with  what  exaCtnefs  Dr.  Pound ,  and  his  Nephew 
Mr.  Bradley  did,  myfelf  being  prefent,  in  the  laft  Oppofition  of  the 
Sun  and  Mars ,  this  way  demonftrate  the  extream  Minutenefs  of 
the  Sun’s  Parallax,  and  that  it  was  not  more  than  1 2",  nor  lefs 
than  9",  upon  many  repeated  Trials,  it  having  been  foon  after  the 
time  laid  before  the  Society.  But  being  mindful  that  in  October 

next, 
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next,  Mars  would  be  again  in  Oppofition  to  the  Sun,  about  the 
tenth  Degree  of  Taurus,  but  would  not  come  very  near  any  fixt 
Star  that  has  a  Place  in  Mr.  Flamfteed' s  Catalogue  ;  I  was  folici- 
toais  to  fee  if  there  were  any  Telefcopick  Stars  to  which  he  would 
very  nearly  approach-,  and  on  the  28th  of  February  l aft,  theHea- 
'  yens  being  very  ferene  and  clear  in  the  Evening,  and  Venus  having 
nearly  the  Declination  in  which  Mars  will  move  in  October  next, 

I  fixt  my  Telefcope  on  her,  at  7k  28'  equal  time,  and  noted  the 
'  Moment  fhe  pafs’d  over  the  Center  of  my  Glafs,  or  rather  the  com¬ 
mon  interfedlion  of  the  four  crofs  Hairs;  and  in  half  an  Hour's 
time  I  noted  eight  very  confpicuous  Stars,  four  of  which  being 
within  the  compafs  of  one  Degree,  fell  very  nearly  inthefaidway 
of  Mars ,  and  from  the  Intervals  of  Time,  I  then  obferved,  with 
their  difference  of  Declination  from  Venus ,  I  determined  their  Right 
Afcenfions  and  Declinations,  as  well  as  her  Place  from  my  Tables, 
(which  by  Obfervation  I  found  at  this  time  needed  no  correction) 
would  allow  me  they  all  falling  between  the  ninth  and  tenth  De¬ 
gree  of  Taurus,  with  very  little  Latitude.  But  what  confirm’d  me 
that  alb  was  right,  "was,  that  on  Tuefday  la  ft,  March  21,  Mercury 
appearing'  very  fair,  arid  newly  paft  his  greateft  Elongation,  I  found 
by  Senex9 s  Zodiack  that  he  was  nearly  in  the  fame  Parallel  that 
Venus  had  before  deferibed  ;  and  though  the  Brightnefs  of  the  Cre - 
pufculu?n  effaced  the  fmaller  Stars,  yet  in  a  quarter  of  an  Hour  I 
had  one  paft  io'  .^  more  Southerly  than  the  Planet,  which  in  lefs 
*  than  3'  of  Time  was  fucceeded  by  another,  which  was  but  one 
Minute  •more  Northerly  than  the  former;  when  after  an  interval 
of  about  14  Minutes  of  time,  in  which  I  was  furprifed  to  find 
the  Sky  fo  void  of  Stars,  the  four  before  mentioned  Stars  paft 
fucce (lively  over  my  Glafs,  with  the  fame  interval  of  Time  in  which 
I  had  feen  them  follow  one  another,  on  the  28th  of  February  ;  where¬ 
upon  I  was  defirous  to  try,  whether,  if  the  Place  of  Mercury  in 
my  Tables  were  affumed,  the  fame  Right  Afcenfions  and  Decli- 
-  nations  of  thofe  Stars  would  be  deduced  from  him,  as  from  Venus\ 
and  to  my  great  Satisfaction,  I  found  on  trial  by  an  exact  Cal¬ 
culus,  that  I  had  the  fame  Right  Afcenfions  now  as  before,  in 
none  of  the  four  differing  fully  half  a  Minute,  fo  that  thefe  Stars 
.  may  fecurely  be  added  to  the  Catalogue,  and  the  Appulfe  of  Mars 
to  them  be  obferved  in  very  long  Telefcopes,  in  October  next,  to 
a  further  afeertaining  the  immenfe  Diftance  between  the  Sun  and 
Earth. 

Hence  it  will  alfo  appear  that  our  Mercurial  Numbers  are,  ax 
leaft  at  this  time,  and  in  this  Part  of  his  Orb,  not  lefs  exaCf  than 
thofe  of  Venus.  And  whereas  this  Planet  fcarce  ever  appears  with 
us  out  of  the  Sun’s  Beams,  and  always  low,  and  therefore  under 
great  Refraction  ;  this  way  of  obferving  takes  off  all  the  uncertain¬ 
ty  that  accrues  therefrom  ;  and  when  once  the <  Zodiack  fhall  be 

com- 
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compleated  with  the  Stars  that  are  wanting  to  fill  up  the  vacant 
Places,  it  will  be  eafy  at  any  time,  by  this  method,  to  obferve 
Mercury  or  a  Comet  within  the  Sun’s  Beams,  with  the  fame  Cer¬ 
tainty,  as  if  it  were  remote,  and  out  of  the  Neighbourhood  of  the 
Horizon,  where  the  different  Vapours  that  lie  near  the  Earth,  ren¬ 
der  the  Appearances  of  the  Stars  fo  mew  hat  dubious  upon  the  Ac¬ 
count  of  the  irregular  Refractions. 

March  23.  1721. 


VI.  Were  the  Medium  of  our  Air  much  more  in  Quantity,  or  the  Remarks  on  the- 
Force  of  Gravity  much  greater  than  it  is,  or  in  a  Word,  were  the  dftrommical 
RefraCtive  Power  of  the  Air  much  more  fenfible  than  we  find  it *bTmadefortke 
nothing  could  have  been  a  greater  Impediment  to  Difcoveries  in  Refrain  on  of 
Aftronomy  :  For  all  ObjeCls  appearing  by  Refraction  higher  than  the  Air y  with 
really  they  are,  till  fuch  times  as  the  Laws  and  Quantity  of  that an  acjcurats 
Refraction  had  been  afcertained,  it  would  have  been  impoffible  to^^y^ 
have  been  fecure  of  the  true  obferved  Place  of  any  Cceleftial  Ob-  363  a.  \.^o, 
jeCt.  But  as  it  fall's  out  to  be  fo  little,  that  none  but  nice  In  ft  ru¬ 
men  ts  can  perceive  its  EffeCts,  it  was  not  difcovered  to  be  at  all, 
till  Bernard  PValther's  time,  about  the  Year  1500;  nor  brought  to 
any  fort  of  Rule  till  Tycho  Brahe  %  nor  afcertained,  till  our  worthy 
Prefident  made  the  firft  accurate  Table  thereof:  The  Curve  which 
a  Beam  of  Light  defcribes,  as  it  approaches  the  Earth ,  being  one 
of  the  mod  perplex’d  and  intricate  that  can  well  be  propoied,  as  Dr, 

Brook  Taylor  in  the  laft  Propofition  of  his  Methodus  Incrementorum 
has  made  it  evident. 

By  this  Table  it  follows  that  the  ratio  of  the  Sine  of  the  Angle 
of  Incidence  to  that  of  the  Refra&ed  Angle,  encreafing  as  the  Beam 
approaches,  makes  a  very  notable  difference  in  the  Place  of  an  Ob¬ 
ject  near  the  Horizon:  but  in  Objects  that  are  much  elevated,  the 
Refractions  become  fmall,  and  their  Differences  fcarce  exceed  a  Se¬ 
cond  per  Degree ;  fo  that  they  are  fuff  ciently  the  fame,  as  if  the 
Incident  and  RefraCted  Angles  were  on  the  Surface  of  a  Sphere  of 
Air  of  the  fame  uniform  Denfity.  olofe  adjoining  to  the  Eye. 

When  therefore  the  Stars  are  twenty  degrees  or  upward#  eleva¬ 
ted  above  the  Elorizon,  we  may  take  it  for  granted,  without 
fenfible  Error,  that  the  Sines  of  the  true  and  apparent  Diftances 
from  the  Vertex,  are  in  the  fame  conftant  ratio .  Hence  it  will  ap¬ 
pear  that  the  Diftances  of  all  the  Stars  are  feen  lefs  than  they 
really  are,  in  whatever  pofition  they  are  taken,  and  that  not  lefs 
than  a  Second  per  Degree  of  the  diftance  ;  that  is,  a  Diftanceof 
30  Degrees,  for  Example,  is  contracted  at  leaft  fo  many  Seconds, 
and  one  of  60  gr.  no  lefs  than  a  Minute ,  if  the  Diftances' 
be  taken  by  an  Inftrument  that  is  truly  divided.  So  that 
when  Mr.  Hevelius ,  to  fhew  the  exaCtnefs  of  his  Obfervations,  brings 
eight  Diftancesj  as  taken  by  his  -Sextant).  which  exaCtly  compleat  the 

Circle, 
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Circle,  both  in  Longitude  and  Right  Afcenfion  ;  the  Confequencc 
is  really  quite  oppofite  to  his  Defign :  for  if  thofe  diftances  were 
the  true  ones,  they  being  all  contracted  by  appearing  through  a 
refracting  Medium ,  the  Sum  of  the  eight  Differences  of  both  Lon¬ 
gitude  and  Right  Afcenfion,  ought  to  fall  fhort  of  a  whole  Cir¬ 
cle  or  360  Degrees  by  at  leafl  fix  Minutes;  fo  that  I  am  inclined 
to  believe  that  the  fixty  Degrees  of  Mr.  Hevelius’s  Sextant  wanted 
about  a  Minute  of  its  true  quantity. 

Such  an  allowance  as  this  may  perhaps  be  a  proper  Expedient 
(fo  avoid  accounting  for  Refradtion  in  coeleftial  Obfervations,  pro¬ 
vided  the  Objects  be  nearly  parallel  to  the  Horizon,  or  at  a  good 
height  above  it.  For  all  diftances  of  Stars  are  contracted  by  Re- 
fradtkm,  when  they  are  parallel  to  the  Horizon,  by  the  fame 
conftant  quantity,  be  they  high  or  low,  that  is,  by  about  one 
Second  per  Degree ;  the  Chords  of  the  Arches  of  the  real  and  vi- 
fible  diftances  being  always  in  the  fame  ratio  as  is  the  Sine  of  the 
Angle  of  Incidence  to  that  of  the  refra died  Angle. 

And  this  is  the  cafe  wherein  the  Ref  ration  of  the  Air  does  leaft 
aftedt  the  Diftances  of  the  Stars,  which  Diftances  are  ft  ill  more  and 
more  contracted,  as  they  are  nearer  to  a  perpendicular  Situation  : 
So  that  a  Diftance,  for  Example,  of  thirty  Degrees  lofes  but  half 
a  Minute  in  a  horizontal  Site;  but  if  the  one  Star  be  20  Degrees 
high,  and  the  other  fifty,  it  will  be  leffened  by  above  three  times 
as  much,  or  by  1  Minute  41  Seconds.  If  the  one  be  30  and  the 
other  60  Degrees  high,  the  fame  Diftance  will  appear  lefs  than 
30  Degrees  by  about  one  Minute  ;  the  Difference  ft  ill  decreafing 
as  the  Objects  are  more  elevated  above  the  Horizon.  But  in  all 
cafes  to  account  for  the  effedt  of  the  Refraction  upon  the  Diftances 
of  the  Stars,  requires,  befides  fome  Trigonometrical  Work,  the  help 
of  the  aforementioned  Table,  which  1  here  fubjoin  for  the  ufe  of 
the  Curious,  fuch  as  I  long  fince  received  it  from  its  Great  Au¬ 
thor  ;  it  having  never  yet,  that  I  know  of,  been  made  publick. 
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Tabula  RefraSHonum  Siderum  ad  Altitudines 

apparentes. 
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of  the  Planets 
determin'd  by 
their  Appulfes 
to  the  Fix'd 
Stars,  by  Dr. 
Halley.  N° 
569 .  p.  209. 


The  Places  of  the  Planets  determined 
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VII.  No  Ccsleftial  Obfervations  are  fo  capable  of  perfect  Ex- 
aCtnefs,  as  the  near  Appulfes  of  the  Moon  and  Planets  to  the 
Fixed  Stars  ;  for  though  the  Places  of  the  Stars  have  not  as  yet 
attained  an  ultimate  Precifion,  yet  thefe  Sorts  of  Obfervations  are 
ever  good,  and  the  Places  of  the  Planets  are  hereby  afcertain’d,  in 
Proportion  to  the  CorreCtnefs  of  the  Catalogues  that  may  hereafter  be 
made :  But  the  ordinary  Number  of  the  Stars,  with  which  the  Planets 
may  be  thus  compared,  being  fmall,  the  Opportunities  of  obferv- 
ing  are  confequently  ■  rare  :  Whence  appears  the  great  Ufe  of  a 
full  Catalogue  of  Telefcopical  Stars,  within  the  Limits  of  the 
Zodiack  ;  viz j.  that  thereby  thefe  Opportunities  may  be  more  fre¬ 
quent:  And  wherever  fuch  Obfervations  have  formerly  been  made 
to  thefe  fmall  Stars,  we  may  be  enabled  to  find  them  out,  and 
by  determining  their  Places,  to  be  certain  of  the  Places  of  the 
Planets  allb  :  Of  which  I  have  given  a  notable  Inftance  *  in  finding  the 
Place  of  the  great  Comet  of  1680,  in  its  firft  Appearance,  even 
before  it  had  a  Tail  vifible  to  the  naked  Eye. 

Since  the •  Royal  Objervatory  at  Gre&^wich  has. been  put  under  my 
Care,  I  have  endeavoured  to  put  myfelf  into  a  Condition  to  fup- 
ply  the  many  and  great  Vacancies  to  be  met  with  in  the  prefent 
Zodiack  ;  and  particularly  I  have  fought  out  and  fettled  the 
Places  of  twoj  Telefcopfck  Star$,  to  one  of  which,  Jupiter  was  ob- 
ferved  to  (  apply  >  by  Galileo  at  the  Beginning  of  March  1610, 
New  Stile ,  *ahd  which  lis  the  ver  y-  -fifft  Obfervation  of  that  kind 
that  was  made  with  the  TelefcopeT- ; 

On  the  28th  of  February ,  one  Hour  after  Sun-fet,  a  fmall  Fix’d 
Star  was  in  Conjunction  with  the  fourth  Satellite,  being  then 
Eaftwards  of  the  Planet.  The  next  Day,  Mart .  i°.  at  the  fame 
Hour,  the  Center  of  #  was  in  the  Angle  of  an  equilateral  Tri¬ 
angle  with  "the  fourth  Satellite  and  the  Star  :  And  again,  March 
20.  Jupiter  being  retrograde,  had  part  the  Conjunction  of  the  Star, 
and  a  Line  from  the  Star,  perpendicular  to  that  of  die ;  Satellites, 
fell  on  the  firft  Satellite  then  two  Minutes  to  the  Weft  of  the 
Planet,  and  in  Latitude  the  Star  was  more  Southerly  than  the 
Satellite  eight  Minutes.  This  Staf,  by  the  Direction  of  the  Place  of 
Jupiter  at  that  Time,;  I  founcfbut,  and,  by  comparing  it  with  others 
in  the  Catalogue,  having  nearly  the  fame  Declination,  I  fettled  its 
Place  in  m  130  24'  \  to  the  Time  of  the  Britijh  Catalogue,  1690, 
with  o°  25'  South  Latitude. 

-  V  t  \  T  |  -  i—  f  .  s*  f  1  l  T  ,  I  %  M  y  I 

*  Philof.  Tranfaft.  N°  342.  -  . .  - 

f  Nuncius  Syder,  png,  27.  Edit .  prin.  1610. 


Another 


by  their  Appulfes  to  the  'Fixed  Stars ,  &c.  1 7 1 

Another  remarkable  Obfervation  of  Saturn  is  recorded  in  Ricci- 
cli  *,  faid  to  have  been  made  at  Modena  by  the  Marquis  Malvaz- 
zo,  on  July  3°  N.  S.  1662,  when  the  Eaftern  Anfa  of  ^/«retouch¬ 
ed  a  Fix’d  Star.  By  the  then  Place  of  Saturn ,  I  look’d  out  for 
this  Star,  to  which  Saturn  is  at  this  time  very  near,  and  after  the 
fame  Manner,  I  fettled  its  Place  ineunte  Anno  1 690,  in  290,  34  of 
Scorpio ,  with  2°  o'  i  North  Latitude.  By  this  it  will  appear, 
how  defective  the  obferved  Place  of  Saturn  is  ftated  in  Riccioli , 
there  being  above  7  Minutes  erred  in  the  Latitude  thereof. 
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The  Beginning  of  the  Eclipfe.  -  - 

The  Cufps  parallel  to  the  Horizon,  by  Eftimation. 
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Eclipfes  of  the  Sun. 

I  had  very  correft  Obfervations  both  of  the  Sun  and  Stars, 
the  26th,  2  7th,  and  28th,  for  determining  the  exatft  Time  by  my 

Clock.  r  ,  V  .  >  .  £  • 

For  fome  Minutes  before  the  Eclipfe  began,  I  obferv’d  the  Sun 
with  a  Telefcope  of  12  Foot,  furnifhed  with  a  Micrometer;  keep¬ 
ing  that  Part  of  the  Limb  in  the  middle  of  the  Glafs,  where  I 
expefed  the  Moon  firft  to  touch,  and  in  lefs  than  four  Seconds 
of  Time,  from  the  Moment  I  judged  the  Eclipfe  begun,  it  was  fo 
confiderably  advanc’d,  that  I  cannot  doubt  of  having  the  Begin¬ 
ning  to  lefs  than  three  Seconds.  I  believe  the  exa£t  Time  of  end¬ 
ing  was  within  the  fame  Limit,  notwithftanding  that  the  Undula¬ 
tion  of  the  Limb  was  then  much  greater  than  at  the  Begin¬ 
ning.  The  Parts  eclipfed,  meafured  with  the  Micrometer,  at  the 
Time  of  the  greateft  Obfcuration,  were  927  fuch  Parts  as  the 
Sun's  Vertical  Diameter  contained  194.6  ;  which  was  taken  a  little 
before  the  Beginning  of  the  Eclipfe. 

By  this  Obfervation,  the  Beginning  differ’d  not  2'L  and  the 
End  not  ~  a  Minute  from  Dr.  Halley's  Calculus. 

N.  B.  The  fame  Eclipfe  was  obferv'd  by  Mr.  Hawkins  at  Wake¬ 
field  in  Yorkfhire,  to  begin  at  1^.21».  P .  M.  and  to  end  3  b.  go' 
3".  The  Sun's  Diameter  was  obfcured  fomewhat  more  than  5 
Digits. 

3-] 

Jt  Cambridge 
in  N.  Engl. 

Mr.  T. Robie. 

N°  38 z.p.  68. 
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Morn.  I  faw  the  Sun  rife  Eclipfed,  on  its  fupreme 
Vertex  to  the  South,  about  4  Dig.  tho’  fome  on 
the  Top  of  the  new  College  faw  it  2' or  3'  before. 
The  Sun’s  true  rifing  this  Morn,  was  7  h.  30',  henc 
the  Refradlion  is  about  6'  and  fo  I  have  often  ob- 
ferved  it.  From  this  time,  till  about  8  h.  30'  or 
40'  I  faw  no  more  of  the  Sun,  but  then  I  judge  it 
was  eclipfed  6  Dig.  or  more. 

The  Sun  was  eclipfed  4  *  Dig.  neareft. 

4.  Dig.  i. 

A  little  Spot  in  the  Sun  emerged. 

I  faw  the  Moon  go  off  the  Sun. 

Mr.  Danforth  in  a  Room  juft  by  me  faw  the 
Shadow  go  off  the  Paper  about  30^  from  its 
lower  Vertex  to  the  Eaft. 

Mr.  Appleton  faw  the  Shadow  go  off  the  Paper 
fix’d  to  the  College  Brafs  Quadrant  at  his  Houfe. 

Mr.  Owen  Harris ,  an  ingenious  Schoolmafter 
in  Bojlon ,  fays  he  obferved  the  End  at  about 
z6'p.  9. 


By  the  fecond  Obfervation  the  Sun’s  Diameter  was  to  the  Moon’s 
as  ioooto  972  ;  by  the  third,  as  1000  to  975.  Ai  Bo  ft  on  the 
Eclipfe  was  obferved,  allowing  for  its  Diftance,  as  I  obferved  it  at 
the  College.  And  at  Barnftable ,  on  Cape  Cod ,  there  was  but  a  lit¬ 
tle  left  of  the  Sun,  and  nearer  the  Head  of  the  Cape  there  was  a 
Ring  of  Light  quite  round  the  Moon. 

The  Telefcope  I  made  my  Obfervations  by  is  24  Feet  long. 
The  Telefcope  that  Mr.  Danforth  ufed,  thro’  which  the  Rays  were 
tranfmitted,  was  8  Feet,  and  the  Brafs  Quadrant  the  very  lame  Dr. 
Halley  ufed  at  St.  Helena.  If  I  have  been  guilty  of  any  Miftake 
pardon  me,  and  if,  with  eafe,  you  could  tell  me  where  the  Shadow 
would  pafs  off  America ,  I  fhould  be  glad,  for  I  made  it  to  be  a- 
bout  Cape  Cod.  Taking  its  Latitude  to  be  40°  North,  or  40° 
10',  and  Eaff  from  the  College  io'  or  15'  I  forget  which. 
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ttiajes.  ) 

Objervata. 

H  ' 

5  25 
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25 

Dig.  Obfcur. 

Initium  defedtus  hoc  tempore  nullum 

apparebat:  tum  poll  tempus  hoc,  in 
gruerunt  denfas  nubes. 

29 

5 

1 

Tegitur  maxima  folaris  Macula  inter  duas 
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48 

minores  fita. 

3  4 

27 

2 

40 

43 
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44 
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47 

15 

4 

48 

12 

4  i 

49 

CO 

Crefcebat  certe  adhuc  Obumbratio  in  So- 

lari  difco,  ut  trans  nubes  apparebat : 
mox  vero  cum  denfiores  fierent  nu¬ 
bes,  atque  Sol  ad  Finitorem  prope- 

rabat,  nihil  quicquam  amplius  licuit 
obfervare. 

IX.  I.] 

An  Eclipfe  of 
the  Sun  Sept. 
2$-N.S.  1726, 
rf/Padua^  Mr 
J.  Polenus. 

N°395-A>57' 


IX.  2.] 


174 


At  Lisbon  by 
F.  J.  Bapt. 
Carboni. 
Nc’4oo./>.335 


Eclipfes  of  the  Sun . 

2.]  Coelo,  prater  fpem,  clarifTimo  Deliquium  hoc  Ulyftipone 
confpeximus,  ejufque  finem  tantum  non  vidimus  ;  monte  fiquidem 
interjedlo,  delituit  Sol  uno  circiter  minuto  temporis  antequam  ple- 
•ne  reftitueretur.  Telefcopio  ufus  fum  pedum  8.  Parifinorum, 
quod  micrometro  inftruxeram  accuratifiime  elaborato.  Nonnulla 
tamen  obfervanti  acceflerunt  incommoda,  quibus  praepedientibus, 
phafes  aliquot  digitorum  inveftigare,  aut  opportune  adnotare  non 
licuit.  Quas  tamen  obfervare  datum  eft,  eas  fane  fenfibili  errore 
carere  autumo  ;  tum  quod  in  digitis  Solaribus  re6te  dimetiendis 
nullam  praetermiflerim  diligentiam  ;  tum  quod  corregionem  tem¬ 
poris  repetitis  eo  die  Obiervationibus  accuratifiime  inveftigave- 
rim. 

Ne  vero  fuo  careat  teftimonio  praedica  correct  io,  duas  hic  ap¬ 
ponam  altitudines  Solis,  quarum  alteram  ante  Eclipfeos  initium, 
alteram  fub  ejus  finem,  Quadrante  Aftronomico  trium  pedum  Pa- 
rifinorum,  deprehendi  *,  &  utraque  fane  Obfervationi  Meridianas 
confentit,  ejufdemque  defedtus  horologium  arguit. 


In  Meridie  vero,  feu  Apparenti  indicabat  horo-7 
logium.  —  —  - —  — j 

Nempe  deficiebat  a  Tempore  vero  —  — 

H.  '  " 
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A  Meridie  Altitudo  vera  centri  Solis  „ —  — 
Ejufdem  Declinatio  Auftralis  —  —  — 

Altitudo  Poli,  ex  pluribus  Obfervationibus,  certa, 
faltem  quoad  minuta  prima  —  —  3 

Quibus  datis  invenitur  per  Trigonometriam  arcus? 
diftantiae  Solis  a  Meridiano  —  —  3 

Qui,  fi  in  tempus  convertatur,  dat  —  — 

Indicabat  vero  horologium  —  —  — 

Ergo  a  tempore  vero  deficiebat  —  — 


Iterum,  Altitudo  vera  centri  Solis  —  — 

Ejufdem  Declinatio  Auftralis  —  — 

Altitudo  Poli,  ut  fupra  • —  —  — 

Ex  quibus  denuo  per  Trigonometriam  infertur  ar- 7 
cus  diftantiae  Solis  a  Meridiano  —  — 3 
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Eclipfes  of  the  Sun. 


1 

H. 

*  .  a 

Qui  in  tempus  converfus  dat  —  — 

5 

3i  59 

Indicabat  vero  horologium  —  — 

5 

30  26 

Ac'  proinde  a  tempore  vero  deficiebat  —  .  —  — 

Hanc  igitur  aequationem  tempori  horologii  addidi, 
quo  fieret  tempus  verum,  feu  apparens  correbtufa, 

1  33 

eoque  ufus  fum  in  fequentibus  Obfervationibus. 

- —  — 
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Phafes  hnmerjionum. 


Incipit  limbus  Luns  limbum  Solarem  perfbr ingere.  ^ 


I.  Digitus  latet  —  — 

II.  Digitus  —  —  — 

III.  Digitus  —  —  '  — 

Dimidium  quarti  —  — 

IV.  Digitus  —  —  — 

V.  Digitus  —  —  — 7  - 

Dimidium  fexti  —  — -  —  - 

VI.  Digitus  —  —  — 

VII.  Digitus  —  —  —  — 

Dimidium  obtavi  —  — 

Maxima  olfcurationis  tempus ,  quantum  ex 

reliquis  phafibus  colligi  poteft  — 

Hg. 

VII.  4 1;  Maximae  Obfcurarionis  Quantitas. 


Phafes  Emerfionmn. 

-----  L—  -  -  -  ~  - 

Dimidium  feptimi  digiti  latet  — 

VI.  Digitus  —  —  — 

V.  Digitus  —  - —  —  —  - 

Dimidium  quinti  —  — 

Dimidium  quarti  —  — 

III.  Digitus  —  — 

Dimidium  tertii  ■ —  - — 

II.  Digitus  —  —  —  — 

Dimidium  fecundi  —  —  — 

I.  Digitus  —  —  —  — 

Limbus  Solis  inferior  montem  flringit.  — 

Sol  totus  delitefcit,  adhuc  deficiens  min.  circiter 
12.  nempe  ~  unius  digiti»  —  —  . — 


E  emo.  Ver.  I 
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Eclipfesof  the  Sun. 

i  ‘  Altitudo  apparens  montis,  feu  limbi  fu  perior  is  So- 
\  lis,  57'  30",  quas  correda,  eric  34  29"  *,  ex  his  rur- 
Jfus  fubtrada  quantitate  femidiametri  Solaris  16'  4"  re- 
^manebit,  altitudo  vera  centri  Solis,  quando  to- 
/tus  delituit  i8'  25";  ex  qua,  infertur  hora  praedidae 
(.altitudini  refpondens,  nimirittn  —  — 

—  Occafus  Solis  verus  —  — 

—  Sed  apparens,  propter  refradionem,  circ.  — 

r-  Unde  patet,  finem  Eclipfeos  in  noftro  Hemifpherio 
^  vifibilem  fuifie  ;  contigit  enim,  quantum  ex  prae- 
L didis  colligi  poteft,  circiter  sh  56'  5°"  —  " 


3-] 

At  Ingolftat, 
by  the  Fathers 
of  the  Societ, 
of  Jefus. 
n°405A558- 


Temp. 

Phofes. 

H 

5  J7  5 2 

5  29  24 

5  23  3° 

5  24  40 

5  26  36 

5  3°  4° 

5  37  12 

5  43  10 

5  49  0 

Imago  Solis  per  Heliofcopium  excepta  in  obfcuro 
loco,  coeptae  Eclipfeos  initium  praebet  circa  46°  \ 
a  Nadir  ad  Boream. 

Sol  obfcuratus  ~0  unius  digiti  Telefcop.  12  &  16 
pedibus  videtur. 

Centrum  maculae  Solis  limbo  propioris  immergitur. 

Centrum  maculae  infignis. 

Centrum  maculae  tertiae. 

2  Digiti  obfcurati  a  Nadir  in  Bor.  39® 

3  Dig.  —  —  —  35  % 

4  Dig.  —  —  —  27 

4  \  Dig.  circiter  deficientem  folem  nubes  furripuere. 

Phafes  Micrometro  dimenfce . 

H.  '  " 

Digit. 

5  22  3° 

30  50 

37  54 

44  3° 

47  3° 

_  —  —  — 

1 

2 

1  - 

4  33 

Solis  femidiameter  faspius  micrometro  dimenfa  exade  implebat 
1  '6  o'o. 
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177 


X.]  The  Latitude  of  this  Place,  I  found  by  federal  Obfcrva-  jnpciit>r 
tions  with  a  Quadrant  of  four  feet  Radius  to  be  190  12 'N.  On  March  tbeSunJtVtrt 
11,  1727.  there  happened  an  Eclipfe  of  the  Sun,  whofe  greateft  Cruz ,  March 
Obfcuration  here,  was  about  10  \  Digits.  Having  carefully  adjufted  !I*  I727-  ty 
the  Pendulum  Clock,  and  fix’d  a  Telefcope  to  the  Index  of  the^'^**3™*- 
forefaid  Quadrant,  I  obferv’d  it  to  begin  in  about  the  S.  E.  by  S. 

Part  of  the  Sun’s  Difk. 


Appar.  Fime 

P.  M. 

The  Beginning  —  —  —  — 

Middle  as  near  as  we  could  judge.  —  —  — 

End  about  the  N.  N.  E.  part  of  his  disk  —  — 

H.  1 

0  49  i 

2  20 

3  59  i 

r  Beginning 

The  Sun’s  Altitude  at  < 

CEnd 

0  ' 

67  53 

28  34 

Comparing  thefe  Obferva tions  with  my  Calculation  from  Mr.; 

Flamftead’s  Tables,  I  judge  Vera  Cruz  to  lie  970  30' to  the  W.  of 
the  Meridian  of  thofe  Tables, 

XI.  1.]  In  Pradio ,  quod  eft  occidentalius  noftro  Collegio  D.  An-  An  Eclipfe  of 
tonii  M.  4"  hor.  circiter,  &  cujus  Latitudo  Quadrante  aftronom ico  tbeSunom$. 
trium  pedum  explorata,  eft  38°  42'  58",  obfervavi  hanc  Eclipfim  SeP t-ijzj.NS. 
Telefcopio  pedum  circiter  8,  quod  micrometro  inftruxeram  rite 
comparato.  Initium  infra  horizontem  celebratum  eft;  jamque  di- bone.  2r 
gitos  circiter  4  deficiebat  Sol,  quando  ex  oppofito  monte  primo  N°403./>.47i. 
emerfit.  Sequentes  tamen  phales  obfervari  tantum  potuere,  reliquis 
fortuito  eventu  impeditis. 


A  a 


Vou  VI. 


Digiti 


rjX 


Eclipfes  of  the  Sun. 


Temp.  A.  Mv  1 

Digiti  |  Fbafes  lrrmerj. 

H.  '  " 

Temp.  Ver.  corr. 

5  55  S.  dub. 

6  10  54.  4ub- 

6  13  29.  ar<r. 

• 

76"  31-  49 

6  35  23 

6  38  45 

6  4i  57 

VI  i 
VIII 
VIII 

VI  | 
VI 

V  i 

:  v 

IV  i 
IV 

III  1 
III 

II  i 

II 

If 

I 

Finis 

i*  •  /  , 

m.  v,  fec„  48"  max.  obfc.  — 

Emerf 

"" 

$■  # 

*■  * 

0  45  2 

6  47  59 

6  50  49 

6  53  34 

•6  56  16 

6'  58  54 

7  128 

7  3  59 

7  6  J2S  f 

792  certijf. 

Poft  finem  Eclipfeos,  flatim  horologium  pendulo  inftruftum,  du-* 
plici  Solis  altitudine  eodem  quadrante  aflronomico  obfervata,  ad- 
trutinam  revocavi ;  inventamque  corre&ionem,  in  phafibus  fugerius- 
adnotatis  adhibui. 

" ;  i  V 1 


The  fime  at' 
Padua,  by  Sig. 
].  Polenus. 


2.]  Denfioribus  nubibus  faepius  intercurrentibus, 
obfervari  potuerunt  Phafcs,  quam  eae,  quas  fubjeci. 


N04°3'jH79 


Temp . 

Phafes 

Digit.  Min. 

H . 

*9*  3*  45- 

24.  12. 

41.  27. 

20.  30.  45. 

i  38-  42-  i 

0  IO 

3  0 

4  30 

1  30 

Finis . 
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3.]  Horse  Minuta  prima  &  fecunda  temporis  veri  poft  mediam  At  Rome  N<\ 
nodem,  ex  tranfitu  folis  redificantur.  Videram  die  praecedenti  ma-  4°3-A  473» 
culas  plures  in  difeo  folis,  apparere.  Completa  celeriter  harum  de¬ 
lineatione,  fequentes  phafes  accurate  adnotavi  cum  V.  C.  Ja.  Domi -  F- 
vico  Maraldi ,  diredo  in  folem  tubo  optico,  exceptaque  in  charta  So-  °  ' 

viis  imagine. 


* 


Temp,  Ver, 


Phafes. 
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Dircdo  in  folem  Tubo  optico,  Eclipfim  ex  aliquot 
minutis  horariis  cepifie  video. 

Latent  folaris  difei  tres  digiti  cum  quadrante  a  Luna 

•  contedi.  Interfedio  difeorum  folis,  &  Lunae  in¬ 
cidit  in  gr.  5  &  95.  numeratis  a  pundo,  A.  quod 
eft  in  Figura  inverfa  96.  verticale.  Macula  a  Fig.  96, 
eft  in  plano  Azimuthi  per  centrum  Solis  a  Zenith 
dudi,  &  diftat  in  femidiametro  difei  Solaris  a 
centro  verfus  peripheriam  digitis  4  L  ut  in  fi¬ 
gura  97.  Etiam  macula  e  in  eodem  fere  Azi-  p-  0r 
mutho  verfatur. 

Nunc  fpedantur  a  Luna  contedi  digiti  Solaris  difei 
4  Interfedio  difeorum  Solis,  &  Lunae  fit  in 
gr.  difei  Solaris  10  &  m.  ut  antea  a  pundo  A 
imaginis  per  Laevam  refpicientis  numeratis. 

Veftigium  dilutioris  m acuite  m  prope  h  fit^  Lunas 

difeum  fu  bit. 

■ 

Macula  b  incipit  perftringi  a  difeo  Lunae, 

Eadem  macula  h  tota  immergitur. 

Initium  maculae  c  incipit  fubire  difeum  Lunae. 

Eadem  macula  c  tota  jam  occultatur. 

Digiti  Solaris  diametri  5  -  latent. 

Latent  digiti  5  J.  Interfedio  difeorum  utriufque  Lu¬ 
minaris  fit  in  gr.  20,  &  1 36. 

Latent  digiti  6.  &  gr.  31.  atque  150  Solaris  difei 
funt  punda  interfedionum  cum  Lunari. 

Maculae  d  Limbus  prior  a  Lunae  circulo  perftrin- 
gitur. 

Tota  macula  d  jam  latet. 

Conteguntur  Solis  digiti  6  4.  &  interfedio  difeorum 
incidit  in  gr.  39  &  162. 

Maculas  ferme  Evanidae  /  Limbus  perftringitur  ab 
incurfu  Lunae. 


A  a  2 


Tota 


i  So 


Fig.  96. 
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8  16  34 

8  18  29 

8  22  38 

8  23  40 

8  24  10 

8  27  23 

8  34  5 

8  34  55 

8  35  46 

8  37  9 

8  37  27 

8  39  46 
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8  44  10 

8  46  53 


8  48  1 
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Edipfes  of  the  Sun. 

Tota  macula  /  a  Luna  contegitur. 

Latent  digiti  6  4,  &:  luminarium  peripheric  fe  in- 
terfecant  in  gr.  61  &  185. 

Latent  paulo  minus  quam  digiti  fex,  feu  5  f.  in- 
terfecant  fefe  difei  in  gr.  62.  &  182. 

Latent  digiti  5  ex  gr.  63  ad  183. 

Latent  digiti  5  Interfedtio  Luminarium  difei  in 
gr.  Solaris  80  &  192. 

Latent  digiti  5.  Interfedtio  in  gr.  82  &  192 

Incipit  emergere  Limbus  prior  maculae  b. 

Tota  macula  b  extra  Limbum  Lunae ;  &  macula 
n  eidem  proxima  fimul  exit. 

Emergit  etiam  macula  m  vicina  maculae  b. 

Emergit  quoque  macula  /  eidem  b  proxima. 

Macula  c  emergit. 

Latent  digiti  3  Interfectio  difeorum  in  gr.  105  & 

\ 95-  '  I 

Incipit  emergere  macula  d. 

Tota  macula  d  extra  difeum  Lunae. 

Latent  digiti  2  ~.  Interfedtio  difeorum  fit  in  gr. 
Solaris  115  &■  182. 

Incipit  emergere  e  difeo  Lunae  prior  limbus  ma¬ 
culae  e. 

Tota  macula  e  extra  limbum  Lunae. 

Latent  digiti  1  £. 

Latent  digiti  1  J. 

Exeunt  extra  Limbum  Lunae  maculae  g,  &:  h,  fitas 
prope  maculam  e. 

Latent  digiti  o  %.  Interfedtio  Limborum  utriufque 
difei  Luminarium  in  Solari  incidit  in  gr.  140  & 
180. 

Limbus  fuperior  Solis  diflat  a  Vertice  gr.  58.  T.  in- 
fpedtus  per  quadrantem  aurichalchicum  tubo  in- 
ftrudtum,  cujus  radius  eft  palm.  Rom.  3. 

Finis  Eclipfeos  difei. 

Limbus  fuperior  Solis  per  quadrantem  aurichalchi¬ 
cum  infpedtus  diftat  a  vertice  gr.  57  30'.  adeo¬ 
que  centrum  Solis  diftat  a  vertice  gr.  57.  46'. 

Limbus  fuperior  Solis  iterum  infpedtus  diftat  a 
vertice  gr.  57.  20'  adeoque  centrum  Solis  diftat  a 
vertice  gr.  57.  3 6\ 

Limbus  inferior  Solis  diftat  a  vertice  per  fupradic- 
tum  quadrantem  gr.  57.  20'.  adeoque  centrum  Solis 
diftat  a  vertice  gr.  57.  4' 

Eadem  die  in  meridie  coelo  clariftimo. 


Primus 
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h 

25 

35 


Primus  Solis  limbus  cum  penumbra  attingit  lineam  me¬ 
ridianam. 

Secundus  Solis  limbus  cum  penumbra  attingit  lineam 
meridianam.  H . 


Ergo  Meridies - o  o  o 

In  meridie  diftantia  a  vertice  per  quadrantem  explo¬ 
rata  fuit 

Gr.  38.  27'.  Limbi  fuperioris.  7  Centri  Solis  gr. 

Gr.  38.  59.  Limbi  inferioris.  S  38.43. 


4.]  Plurimae  in  Sole  maculae  huju fee  Eclipfis  tempore  videbantur:  AttbeOlfer - 
Cum  tamen  prae  nubibus  necefiariae  circa  illas  inftitui  oblervationes  vatory  of 
non  potuerint,  ut  earum  fitus  in  Solari  difeo  deprehenderetur  prae-  Bologna  by 
cipuarum  tantum  afpedtus.  in  appofita  figura  98  exhibetur,  qualis 
inferri  potuit  ex  obfervationibus  vefpere  diei  14.  circa  hor.  5.  26'.  habi-  ^  1 

tis  ;  idque  fatis  efle  arbitor  ad  eas  indicandas  quae  funt  a  Luna  oc-  p,  47?> 
cui  tatae  Eclipfis  tempore.  _  ^  Fig.  98. 

Initium  Eclipfis  obfer vari  non  potuit-,  fed  hor.  18.  55'.  48".  A- 
llronomic.  fenfibilis  apparebat  defe&us,  ut  inter  nubes. 


‘Tempora. 


Phajes. 


H. 

1 

// 

18 

59 

37 

l9 

3 

12 

l9 

6 

50 

19 

IO 

1 1 

19 

30 

35 

19 

35 

46 

l9 

40 

47 

1 9 

44 

3i 

19 

47 

27 

19 

47 

46 

19 

51 

37 

l9 

54 

12 

19 

55 

37 

l9 

59 

2 

20 

1 

22 

20 

IO 

IO 

20 

1 1 

47 

Unus  digitus,  &  amplius  for tafie  latebat. 

Digitus  cum  dimidio. 

Duo  digiti. 

Duo  cum  dimidio,  dub.  Paulo  poft  nubes  Solem  ob¬ 
tegunt. 

Sol  inter  nubes  videtur  deficere  plus  digitis  4  cum 
dimidio. 

Eclipfis  nondum'  pertingere  videtur  ad  5  digit. 

Quinque  digiti  circiter. 

Maculae,  b,  c ,  dy  ey  jam  latebant.  Nunc  occultatur 
/  centrum,  i. 

Limbus  y  intCr  maculas,  s. 

Secunda  ex  duabus  maculis,  omnino  tegitur. 
Eclipfis  eft  paulo  minor  5  digit,  inter  nubes. 

Centrum  maculae,  occultatur. 

Centrum,  item  occultatur. 

Quatuor  dig.  cum  dimidio  eclipfantur.  dub. 

Una  ex  maculis  prope  limbum  (fortafifc  n)  occultatur. 
Eclipfis  paulo  min.  dig.  3  -. 

Tota  macula,  z,  emerfit. 


Fig.  98. 


Eclipfis 


i82 


H. 

n 

20 

15 

0 

20 

1 8 

48 

20 

18 

49 

20 

22 

26 

20 

26 

14 

20 

3<5 

6, 
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j  Eclipfis  3  digitorum. 

Duorum  cum  dimidio. 

Incipit  emergere  macula,  s. 

Duo  digiti  circiter  eclipfantur. 

Digitus  i  j. 

Finis  Eclipfeos  a  tribus  obfervatoribus 
eodem  fecundo  temporis  concordibus. 


notatus, 


in 


XIX.] 

A  Scheme  of  an 
Eclipfe  of  the 

Temp.  Ver. 

Ante  Merid. 

Phafes. 

Annotata. 

Sun  July  4 th. 
O.  S.  1730. 
at  Wirtem- 

H-  ' 

3  56  0 

Dig . 

Sol  oritur  poll  nubes. 

burg  by  Mr. 

59  0 

5  ■+■ 

Sol  latet  poll  nubes. 

J.  F.  Weidler. 

4  10  30 

6  55 

N^.  415.  p. 

26  O 

6  30 

I.  Sol  oriens  figuram  monftrat  ellipti- 

S94- 

33  0 

6  0 

cam  :  diameter  verticalis  duobus  digitis. 

38  0 

5  30 

five  fexta  fui  parte  contradlior  apparet  ho- 

43  3° 

5  0 

rizontali. 

47  ° 

4  30 

II.  Memorabilis  erat  confpedtus  orbis 

50  1 5 

4  0 

Lunae  afpero  margine  praediti,  quoad  par- 

53  3° 

3  30 

tem  quae  in  occafum  fpe&abat.  Diftindle 

‘The  Type  • 

57  ° 

-3  0 

enim  cernebatur  4 h.  3m.  Vallis  t£0  diam. 

Fig.  9g . 

5  3  3° 

2  0 

Lunae  profunda  &  2-  ejufdem  diam,  circi- 

7  0 

1  30 

ter  longa.  In  progrefifu  eclipfeos  afperitas 

10  30 

i  0 

limbi  Lunae  minuebatur,  &  adhaerente  ei- 

‘ 

13  0 

0  30 

dem  fafcia  coerulea  abfcondebatur.  Haec 
enim  fafcia  fenfim  fole  altius  furgente  dila¬ 
tabatur.  Tum  praeter  colorem  coeruleum 
etiam  puniceus  Lunae  proprius  incumbens 
in  oculos  incurrebat,  &  circa  finem  de¬ 
liquii  fafciee  coloratae  fpiflitudo  trigefimae 
fextte  parti  diametri  Lunaris  prope  par  vi-  ' 
debatur.  1 

III.  Praeterea  juxta  Lunaris  difci  margi-1 
nem  coloratum  perpetua  Luminis  folaris  I 
commotio  notata  eft.  1 

15  3° 

0  0  * 

Finis  Eclipfeos.  I 

ii  u'i 


2.]  Oriente 


2.]  Oriente  Sole,  Nubes  tenues  Finitorem  quafi  cingebant :  qui-  The  fame  at 
bus  deinde  evanefcentibus,  aer  tantillum  nebulofus  fuit,  ut  maculae  PacJua  h  Mr. 
folares  haud  fatis  diftin&e  apparerent.  F  Polenus. 


596. 


4!5*  P' 


Digiti 
Objcur . 

Tempora 

Vera. 

i 

H. 

r 

// 

4 

16 

46 

12 

3  i 

16 

48 

7 

3 

16 

5o 

36 

2 

16 

57 

24 

1 

i? 

1 

20 

r 

2 

*7 

3 

29 

Finis 

17 

6 

8 

July  1 5$b  K  S. 


»  ■  •  *  +  ■  • 

3 .]  Ex  infperato  fub  ipfum  Ecllpfeos  initium  Mere  pluviai  fimui-  An  EcliPfi  4 
que  nubes  rarefcere  coeperunt,  ac  poft  horte  quadrantem  Sol  thefJn  iul/ 
per  nubila  rariora  nudis  oculis  Eclipfi  infedus  circiter  fefquidigitum  n.  s.  7Pps- 
appat  uit.  ,  king  by  F  F. 

Praeparaveramus  organon,  ad  fpeciem  Solis  fcilicet  per  telefcopi-  rgmt-  Kegler 
um  6  pedum  Sinicorum  excipiendam  in  orthogonaliter  fubjeda  p” Andrcw 
menfula,  e  cujus  centro  ad  amplitudinem  apparentis  fpeciei  accurate  * 

defcriptus  erat  circulus  per  10  digitos  more  Sinico  divifus.  Parati  179 4 
quoque  habebantur  in  charta  munda  plures  circuli  fimiliter  divifi,  & 
luper  illum  fucceflive  applicandi,  in  quibus  praefignatae  erant  phafes  Fig.  100 
eclipticae  per  fingulos  digitos  appariturae ,  fecundum  inclinationes 
Lunce  ad  lineam  verticalem  Solis. 

Interim  vero  aliud  ad  Solem  dirigebatur  telefcopium  2  lentibus 
objedivis  inftrudum,  in  ea  inter  fe  diftantia,  ut  filare'  reticulum  in 
foco  telefcopij  difpofitum,  pariterque  per  10  digitos  divifum  exade 
quadraret  apparenti  magnitudini  Solis,  atque  per  iftud  primo  obfer- 
vatus  fuit  appulfus  Luna.  :  ■ 
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H.  ' 

11  40  a.  m.  ad  dig.  III.  id  eft  Europ.  dig.  3  36 
11  51  ad  dig.  IV.  4  48 

Poftea  clariflime  allucente  Sole  per  hujus  fpeciem  in  difco  notati 
fuerunt  ut  fequitur. 


H.  ' 


0 

2  p.  m.  ad  centrum  feu  d.  V.  Europ.  d. 

6 

0 

0 

14 

ad  dig.  VI. 

7 

12 

0 

26  i 

ad  dig.  VII. 

8 

24 

0 

4° 

ad  dig.  VIII. 

9 

36 

0 

5 1  max.  Eciipf. 

dig.  VIII.  4 

9 

54 

I 

2  regreff. 

ad  dig.  VIII. 

9 

36 

I 

16  20" 

ad  dig.  VII. 

8 

24 

I 

27  50 

ad  dig.  VI. 

7 

12 

Dein  rurfus  tenui  nebula  involutus  Sol  fuam  fpeciem  infufcavit,  tele- 
fcopio  tamen  praefato  clare  vifibilis  ad  cujus  reticulum  obferva- 

tus  eft. 


H.  ' 

1  jo  p.  m.  recefT.  ad  dig.  V.  feu  6  o 

1  50  ad  dig.  IV.  4  48 

2  o  ad  dig.  III.  3. 

Iterum  emergens  e  nebula  Sol  clarifiimam  exhibuit  fpeciem  ad  quam 
porro  notati  funt. 


<*■  •*»  * 

2  9  20  receff.  ad  dig.  II.  2  24 

2  18  20  ad  dig.  I.  1  12 

2  27  10  Finis  Eclipfis :  qui  itidem  per  aliud  telefcopi- 

um  .excellens  14  pedum  Sinicorum  eodem  momento  eft  annotatus. 
Horologium  denique  correxit  Sol  ipfe,  tum  in  magno  fciatherico, 
armillaque  sequatoria  Obfervatorii  fmgula  minuta  horaria  common- 
ftrans,  tum  per  captas  aliquot  altitudines  eadem  momenta  temporis 

comprobans. 


Temp. 


Eclipfes  of  the  Moon. 


Temp,  Ver. 
P.  M. 


H. 

# 

* 

! / 

0 

22 

O 

0 

27 

50 

0 

3 1 

40 

0 

37 

IO 

0 

38 

35 

1 

18 

45 

1 

23 

50 

2 

5 

20 

2 

7 

30 

2 

1 1 

25 

2 

12 

25 

Occultationes  13  retentiones  nonnullarum  Solis  macularum. 


Macula  major,  quas  erat  in  ipfa  peripheria  dig.  n. 
ad  Nord-Oft  immerfa. 


Minores  inter  dig.  1 1  &  i  immerfae. 


i 


Maculae  duae  inter  dig.  1 1 1  &  IV.  verius  Sud.  Weft, 
retedtae. 


Maculae  quatuor  ad  Nord-Oft  retedtae  fuerunt. 


Temp.Appar. 

P.  M. 


9 

b 

n 

54 

25 

5 

5 

12 

56 

18 

IO 

22 

3i 

30 

55 

41 

53 

46 

58 

49 

4 

33 

3 

9  3°  49 


xin. 

i .  ]  An  Ecltpfe 
of  the  Moon 
Sep.  8  th  1718. 

Sub  initium  Eclipfis  nubes  lunam  obtexere.  padua,  by 

Umbra  appellit  ad  partem  ortivam  maris  humorum;  £°* 

diftat  ab  Ariftarcho  diametro  ejufdem  maculas,  pa»  Morgagni’.  ’ 
rique  intervallo  a  Keplero.  N°  382.^.  71; 

Appellit  umbra  ad  Copernicum. 

Umbra  appellit  ad  Tychonem. 

Appellit  ad  Platonem. 

Tegit  Manilium  totum. 

Tegere  incipit  partem  ortivam  maris  Nedtaris. 

Appellit  fecundam  partem  ortivam  fuperiorem  ad 
mare  Crifium. 

Penumbra  extremum  difci  attingit. 

Vix  quidquam  immerfionis  fupereft. 

Toto  integrae  immerfionis  tempore  luna  videri  potuit 
commixta  colore  quodam  obfcuro  &  fubrubro. 

Principio  poll  immerfionem  lunae  pars  orientem 
verfus  erat  obfcurior. 


Obfcurior  erat  lunae  pars  prope  difci  medium  :  minus 
obfcurae  erant  circumquaque  partes  difci  extreme. 
Stellula  quaedam,  nudis  oculis  inconfpicua,  vix  decem 
fecundis  diftare  videbatur  a  lunae  difco  e  regione 
Lanfbergii. 

Vol.  VL  B  b  Penumbra 


1 86 


t 

" 

32 

9 

36 

4 

40 

39 

44 

38 

49 

34 

5° 

49 

00 

3 

5 

55 

14 

41 

12 

27 

7 

36 

28 

39 

12 

41 

2 

42 

57 

Eclipfes  of  the  Moon . 

Penumbra  fit  clara  in  difci  extrema  parte  ortiva. 
Initium  emerfionis  ex  ortiva  plaga. 

Grimaldus  jam  emerfit  ab  umbra  a  qua  diftat  fui  ipfius 

minori  fpatio.  .  #  . 

Stellulae  ante  vifae  a  luna  occultatio  :  tamen  incerta. 
Gaffendus  emergit. 

Mare  humorum  extra  umbram  totum. 

Copernici  emerfio. 

Plato  emergere  incipit. 

Eudoxus  exit. 

Menelai  emerfio. 

Mare  nedtaris  totum  emerfit. 

Umbra  dividit  Mare  crifium  bifariam  fecundum  ipfius 
majorem  diametrum. 

Incipit  umbra  fieri  tantillum  rarior. 

Vifus  eft  efle  umbrae  finis.. 

Et  finis  penumbrae. 


2.]  The  fame 
at  Bologna  in 
the  Palace 
by  Signori 
Geminiano 
Kondelli,Giu- 
feppo  Ant. 
Nadio&Giul. 
C x fare  Parili. 
N?  382./.  72. 


Temp.  Ver . 

P.  M. 

H. 

/ 

U 

// 

6 

51 

36 

5 6 

22 

6 

56 

37 

7 

1 

7 

■ 

2 

52 

3 

37 

1 1 

22 

12 

52 

15 

/• 

37 

10 

27 

l9 

22 

19 

52 

23 

57 

35 

8 

36 

8 

•- 

3 6 

3« 

37 

23 

39 

23 

39 

53 

44 

8 

f 

44 

43 

1 

47 

18 

Phafes. 


Initium  eclipfis  non  eft  obfervatum... 

Mare  humorum  ad  umbram. 

Capuanus  ad  umbram. 

Mare  humorum  totum  in  umbra.. 

Bullialdus  ad  umbram. 

Bullialdus  totus  fub  umbra. 

Copernicus  totus  fub  umbra. 

Tycho  ad  umbram. 

Totus  Tycho  fub  umbra. 

Plato  ad  umbram. 

Totus  Plato  fub  umbra., 

Manilium  ad  umbram.. 

Mare  feren itatis. 

Mare  tranquillitatis. 

Mefialla  ad  umbram < 

Totus  Mefialla  fub  umbra. 

Mare  fecunditatis  ad  umbrarm 
Promontorium  fomni. 

Cleomedes  ad  umbram. 

Mare  crifium. 

Mare  fecunditatis  totum. 

Mare  crifium  totum. 

‘  Totalis  obfcuratio  lunae,  juxta  D,  Nedii  aeftiniationem. 

Totalis 
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H. 

t 

rr 

53 

9 

47 

40 

33 

35 

3 6 

54 

40 

3  4 

42 

47 

50 

5  2 

10 

54 

25 

55 

1 2 

58 

46 

10 

4 

2 

5 

33 

10 

i? 

12 

23 

47 

27 

58 

3° 

12 

32 

8 

34 

7 

36 

19 

37 

36 

femp.  Per. 

P.  M. 

H. 

r 

a 

6 

31 

48 

42 

13 

52 

48 

7 

2 

23> 

4 

2 

r* 

D 

4 

. 

7 

58 

10 

54 

12 

r9 

13 

9 

15 

34 

16 

7 

7 

16 

54 

20 

9 

ticali  cum  centro  lunae. 


Plato  ad  umbrae  terminum. 

Totus  Plato  extra  umbram. 

Infula  finus  medii  extra  umbram. 

Mefialla  ad  terminum  umbrae ;  fimul  totum  mare  fe- 
renitatis  extra  umbram. 

Mare  tranquillitatis  extra  umbram. 

Cleomedes  extra  umbram. 

Mare  crifium  umbrae  terminum  attingit. 

Mare  foecunditatis  totum  extra  umbram. 

Mare  crifium  totum  extra  umbram. 

Finis  eclipfis. 


Phafes. 


Nunc  primum  luna  e  collibus  affurgere  incipit,  penum¬ 
bra  atmofp herae  jam  infedta. 

Initium  verae  eclipfis,  quantum  judicare  patiebatur 
fubdubius  umbrae  terminus.  Paulo  pod  nubecula¬ 
rum  atque  arborum  objedhi  luna  tegebatur. 

Umbra  per  Ariftarchum  &  Keplerum  protenditur, 
atque  una  mare  humorum  tangere  videtur. 

Umbra  per  medium  Bullialdi,  fimul  tangens  Copei* 
nicum. 

Umbra  per  medium  Copernici. 

Totus  Copernicus  latet. 

Umbra  Pitatum  attingit. 

Attingit  Tychonem. 

Medium  Tychonis  latet. 

Totus  Tycho  latet. 

Umbra  ad  Platonem. 

Ad  medium  Platonis. 

Totus  Plato  latet. 

Manilius  tegitur.  B  b  2 


3]  The  fame 
in  the  Suburbs 
of  Bologna  by 
Signori  Eufta- 
chio  &  Gab- 
brielo  Man- 
fredi.  N°  382. 

P'  74- 


Dionyfius 


i88' 


43 

53 

45 

41 

47 

23 

52 

6 

53 

3i 

54 

9 

55 

1 

55 

2 1 : 

56 

61 

fi. 

r 

ft' 

331 

- 

20 

23 

44 

24 

36 

27 

34 

29 

49 

3° 

36 

3 

3 1 

44 

S2 

34 

35 

15 

37 

57 

39 

39 

42 

16 

i  . 

44 

5 

47 

50 

8 

38 

50 

9 

1  ; 

27 

50 

29 

20 

33 

20 

35 

11 

•  V 

35 

55 

36 

26 

39 

28 

41 

22 

42 

3i 

Eclipfes  of  the  Moon. 

Umbra  tangle  mare  ferenitatis. 

Menelaus  tegitur. 

Dionyfius  tegitur. 

Plinius  tegitur. 

Umbra  ad  Catharinam,  Theophilum,  Cyrillum. 

Umbra  tangit  Fracaflorium. 

Medium  Fracaftorii  tegitur. 

Promontorium  acutum  umbram  fubit. 

Promontorium  fomni  latet. 

Taruntius  latet. 

Umbra  tangit  mare  crifium. 

Umbra  per  medium  mare  crifium. 

Totum  mare  crifium  in  umbra  conditur.  . 

Totalis  immerfio  lunae  in  umbram. 

Toto  tempore  eclipfis  luna  clariflime  in  fudo  fpec- 
tabatur,  colore  rubefeenti,  ea  parte  denfiori, 
qua  altius  in  umbram  immergebatur. 

Hoc  tempore,  &  deinceps  aliquot  minutis,  omni  ex 
parte  aeque  obfcura  apparebat  lunae  facies,  ut  fa¬ 
cile  conflaret  eam  prope  umbrs  centrum  verfari. 

E  regione  Grimaldi,  qua  parte  emerfio  imminebat^ 
infignis  fulgor  fpedlari  cceperat. 

Dubitari  coeptum  de  emerfionis  initio. 

Proculdubio  emerfio  jam  inceperat. 

Grimaldus  ab  umbra  fe  fubducere  incipit. 

Centrum  Grimaldi  emergit,  totus  Ricciolus  jam  detec¬ 
tus  erat. 

Totus  Grimaldus  exit  ab  umbra. 

Galilaeus  exit. 

Umbra  tangit  mare  humosum. 

Stellula  quae  diu  prope  limbum  lunae  inferiorem  (qui 
telelcopio  fuperior  apparebat )  morata  fuerat,  nunc 
demum  fub  lunam  conditur,  circa  plagam  Tycho- 
nis,  adhuc  eclipfi  laborantem.  Alis  Stelluls  lu¬ 
nam  fubiturae  videbantur,  fed  poflquam  unus  vel 
alter  digitus  lunaris  faciei  illuflrari  ccepit,  prse  ful¬ 
gore  omnes  evanefeebant. 

Umbra  per  medium  mare  humorum. 

Ariflarchus  emergit. 

Keplerus  emergit. 

Emergits  Bulliladus. 

Tycho  detegi  incipit. 

Medium  Tychonis  detegitur. 

Totus  Tycho  detedtus:  quu  tempore  nondum  ftelluia 
e  luna  fe  fubduxerat. 

Copernicus  emergere  incipit, 

Pedium  Copernici  emergit.  Totus 
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Totus  Copernicus. 

Stellula  quae  paulo  antea  fub  luna  delituerat,  jam 
fpedtabatur  a  lunae  limbo  nonnihil  diftans,  ut  ap¬ 
pareret  eam  ante  4  vel  5  minuta  temporis  emerfiffe. 
Verfabatur  autem  e  regione  partis  obfeurae  inferi¬ 
oris  limbi  lunae,  neque  longe  ab  umbrae  termino. 

Umbra  per  medium  Platonis. 

Totus  Plato  detegitur. 

Manilius  emergit. 

Dionyfius  emergit. 

Menelaus  emergit. 

Fracaftorius  totus  jam  emerferat. 

Snellius  Sc  Furnerius  totaliter  emergunt» 

Promontorium  acutum  detegitur, 

Mefialla  totus  apparet. 

Proclus  emergit. 

'Mare  crifium  emergere  incipit. 

Medium  mare  crifium  emergit. 

Totum  mare  crifium  extra  umbram. 

Circa  hoc  tempus  umbra  vera  lunam  deferere  videtur* 
penumbra  adhuc  ad  multum  temporis  perdurante. 


Obfervations  made  by  the  Marquis  Antonio  Ghifilieri,  at  Bologna,  4 ]Tbe fame <if 
on  the  Obfervatory  in  his  own  Houfe. 

- - - — - ~ .  — Antonio  Ghi* 

Phafes .  iilieri. 


Pempus. 
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Initium  eclipfis  dubium. 

Mare  humorum  ad  umbram. 
Capuanus  ad  umbram. 

Bullialdus  ad  umbram. 

Mare  ne&aris  totum  fub  umbra. 
Promontorium  acutum  ad  umbram. 
Promontorium  fomni  ad  umbram. 
Mare  crifium  ad  umbram. 

Totalis  immerfio  lunse. 

Initium  emerfionis. 

Grimaldus  totus  extra  umbram. 
Tycho  totus  extra  umbram,- 
Plinius  totus  extra  umbram. 

Mare  crifium  emergere  incipit. 

Finis  eclipfis. 


The 


i  go 


jE clipfes  of  the  Moon. 


An  Eclipfe  of 
the  Moon  June 
i  %th.  1722. 
end  the  Longi¬ 
tude  of  Port 
Royal  in  Ja¬ 
maica,  by  Dr. 
Halley.  N* 
375-  P‘  235. 


XIV.  The  Eclipfe  of  the  Moon  which  happened  in  June  laft, 
1722,  was  fo  far  hid  by  the  cioudy  Sky,  that  neither  myfelf,  nor 
any  of  our  Aftronomical  Friends,  in  or  about  London ,  could  furnifh 
an  Obfervation  thereof  worthy  to  be  laid  before  the  Society.  But 
the  lame  having  been  well  obferved  at  Jamaica ,  by  the  late  curious 
Capt.  Candler ,  and  at  Berlin ,  by  Mr.  Cbriftfried  Iiircb ,  Altronomer 
of  the  Royal  Academy  of  Sciences  there,  I  thought  it  not  amifs 
to  prefix  to  their  Accounts  that  little  I  was  able  to  note  con¬ 
cerning  it. 

June  18,  mane ,  Having  perfedtly  rectified  my  Clock  fo  as  to  fhew 
the  Apparent  Time,  neither  the  tranfit  of  the  Moon  over  the  Meri¬ 
dian,  nor  the  beginning  of  the  Eclipfe  which  foon  followed,  could 
be  feen  through  the  very  thick  Cloud. 

At  13  h.  12'  T.  app.  a  lmall  Particle  of  the  Moons  Body  was  feen 
through  a  very  little  hiatus  in  the  Cloud,  by  which  glimpfe  I  could 
•erdy  be  allured  that  the  Eclipfe  was  not  yet  Total. 

At  13  h.  29'  by  fuch  another  view,  I  was  •  fatis  fied  that  it  was 
now  become  Total  -,  but  in  a  Moment,  it  again  difappeared,  till 
14  h.  49'  1  o'',  when  the  Clouds  beginning  to  break,  I  got  time  to 
meafure  with  the  Micrometer,  the  Partes  Lucidce  now  recovered  in 
the  Moon’s  Diameter,  which  I  found  14'  00",  though  this  not  fo 
well  as  I  could  wifh,  by  reafon  of  a  thinner  Sort  of  Cloud  which  per¬ 
petually  intercurr’d,  and  render’d  the  Edge  of  the  Shadow  fimewhat 
•dubious. 

At  15  b.  15'  the  Moon  was  pretty  well  got  out  of  the  thick 
Cloud,  but  being  very  low,  and  the  Daylight  become  fbrong,  lhe 
fhone  very  faintly,  and  the  Shadow  became  worfe  and  worfe  de¬ 
fined. 

From  15  h.  26'  to  15  h.  27'  T.  app.  I  doubted  of  the  End,  and  am 
confident  it  did  not  exceed  the  27th  Minute.  It  ended  overagainfl 
the  North  Part  of  the  Palus  Mceotis  of  Mr.  Hevelius ,  much  about 
the  middle  of  the  Weftern  or  Right-hand  Limb  of  the  Moon,  fhe 
being  then  very  near  fetting. 

Capt.  Candler ,  being  then  at  Port  Royal ,  in  Jamaica ,  had  much 
better  Fortune,  and  a  ferene  Sky  from  the  beginning  to  the  End 
who  having  ufed  due  care  to  be  affured  of  his  Times,  by  Altitudes 
'taken  with  an  Inftrument  of  three  Foot  Radius ,  was  pleafed  to  fend 
iis  the  Refult  of  his  Obfervation  as  follows. 
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And  fuppofing  the  Eclipfe  to  have  ended  at  Greenwich ,  at  15  h. 

2 6'  ~  the  Difference  of  Longitude  between  Port  Royal  and  Green¬ 
wich,  will  be  5  6'  50",  or  $h.  6>  j  from  London ,  that  is,  76. 

gr.  37' 

Mr.  Kirck  being  in  a  more  Eafterly  Meridian,  could  fee  nothing 
of  the  Emerfion,  but  has  carefully  noted  the  Time  of  the  Beginning 
and  Immerfion,  as  he  obferved  them  at  Berlin ,  viz.  the  Beginning 
of  the  Eclipfe  at  12  h.  59'  55"  and  the  Immerfion  at  14  h.  8'  8". 

Now  by  comparing  feveral  Obfervations  made  at  both  Places,  we 
have  formerly  concluded  Berlin  to  be  54  Min.  of  Time,  or  13  ~ 
grad,  of  Longitude  more  Eafterly  than  London  ;  wherefore  at  Lon¬ 
don  it  began  at  12  h.  5'  55"  and  immerged  at  13  h.  14'  8"  that  is, 
the  beginning  was  later  here  than  at  Jamaica  5  h.  6'  45",  and  the 
Immerfion  later  5  A  6'  18",  pundually  agreeing  with  what  relulted 
from  my  own  Obfervation  of  the  End  as  abovefaid  ;  and  fufficiently 
with  what  I  had  long  fince  determined  from  Obfervations  fent  me 
from  Jamaica  by  my  old  Aftronomical  Friend  Mr.  Charles 
Boucher. 


XV.  1.]  October  the  2ith.  1724.  being  at  Gomroon  m  Perfia ,  the 
Moon  enter’d  into  the  dark  Shadow  or  Umbra  of  the  Earth  at  1 1 
Minutes  33  Seconds  paft  five,  Ante  Meridiem. 

2.]  Obfervavimus  hanc  Edipftm  Telefcopiis,  altero  quidem  Pe¬ 
dum  Parifinorum  8.  fed  clariffimo,  altero  10.  fed  minus  claro:  u- 
troque  tamen  lunares  maculae  perfedifiime  difcernebantur.  Ad 
temporis  dimenfionem  ufi  fumus  Horologio  ofcillatorio,  fatis  exado, 
pluribus  ante  diebus  in  ipfo  obfervationis  loco  firmato,  &  quotidi¬ 
ano  examine  per  meridianam  lineam,  ibidem  a  nobis  jamdiu  inven¬ 
tam,  &:  pluries  examinatam,  ad  medium  Solis  motum  quam  proxime 
redudo.  Node  vero  ipfius  Eclipfis  ter  illud  ad  trutinam  revocavi¬ 
mus,  ut  ejus  a  vero  tempore  difcordiam  deprehenderemus.  Primo  in 
tranfitu  Fomahantis  per  Meridianum,  Hor.  8.  M.  17.  See.  18.  Se¬ 
cundo  in  tranfitu  Rigel  feu  Pedis  Lucidi  Orionis ,  Hor.  2.  M.  35.  See. 
21.  Tertio  in  tranfitu  Sirii,  Hor.  4.  M.  7.  See.  40..  ( Afcenfiones 
redae  dedudae  funt  ex  Tabulis  Hirianis. )  Invenimus  autem  Horo¬ 
logium  tardius  incedere  fecundis  tantum  7.  quae  jam  addita  funt  mo¬ 
mento  Obfervationis  mox  apponendae. 

A  Solis  Occafu  ufque  ad  Mediam  Nodem  Nubes  ac  Pluviae  Coe¬ 
lum  nobis  identidem  adimebant.  Ventus  tamen  fub  horam  1.  illud 
nobis  fatis  clarum  reftituit,  eoque  ufi  fumus  ad  horam  prope  ter¬ 
tiam». 


1  •]  An  Eclipfe 
by  Mr.  W. 
Saunderfon. 
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2.]  An  Eclipfe 
of  the  Moon 

Nov.  i.  N.  S. 
1724.  by  F.F, 
N.  B.  Car¬ 
bone  <y  Do¬ 
minico  Capaft 
fo.  N?  3.85. 
p.  180. 
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Pbafes . 


Penumbra  incipit  effe  fenfibilis 
fit  fpiflior 
fit  fpiftiftima 
Umbra  incipit 

Difcus  Lunae  apparet  deficiens 

Umbra  pertingit  ad  Ariftarchum 

Pertingit  ad  Platonem 

Ariftarchus  totus  in  Umbra 

Archytas 

Ariftoteles 

Pitheas 

Galilaeus 

Umbra  ad  littus  Orientale  Maris  ferenitatis 
Endymion  immergitur  totus 
Copernicus  incipit  immergi 
totus  in  Umbra 
Poflidonius  incipit 
totus  latet 
Ricciolus  incipit 
Umbra  pervenit  ad  Grimaldum 
Ad  Litus  Boreale  Maris  crifium 
Proclus  immergitur 

Nubes  fupervenit,  quae  Lunam  omnino  tegit,  diuque 
videtur  duratura 

Nubes  difcedit.  Jam  autem  ex  Umbra  emerferunt 
Grimaldus 
Ricciolus 
Keplerus 
Galilaeus 

Ariftarchus  emergit 
Copernicus  incipit  emergere 
totus  extra  Umbram 
Pitheas  emergit 

Timocharis  •*  *  '  ’ 

Archimedes 
Plato  incipit  emergere 
emergit  totaliter 

Nubecula  iterum  Lunae  afpedlum  nobis  adimit 
Jam  Luna  reftituitur 
Ariftotelis  totalis  emerfio 

Nubeculis  identidem  Lunam  occupantibus,  reliqua*, 
rum  macularum  emerfiones  exa&e  obfervari  ne¬ 
queunt 

Finis 
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Finis  Eclipfis,  tardius  fortafife  vifus  ob  tenuem  vapo¬ 
rem  interpofitum. 

Definit  Penumbra  fpiffior. 

Definit  Penumbra  fenfibilis. 


Peculiari  profe&o  cura,  acea  qua  fieri  potuit  diligentia,  Eclipfim 
hanc  obfervare  conati  fumus ;  non  modo  ut  noftri  muneris  partes 
pro  modulo  noftro  impleremus,  verum  etiam,  ut  Serenifiimi 
Regis  ingenio  plenius,  ut  par  erat,  indulgeremus.  Valde  enim  Ipfe 
in  hujufmodi  obfervationibus  dele&atur,  ad  eafque  perfedVe  inftituen- 
das,  cQpiofam  nobis  Xnftrumentorum  fupelledtilem,  munificentia  vere  * 
Regia,  fuppeditavit. 
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Phafes  Eclipfis. 


Initium  umbrae  verse  ( quantum  fecerni  poteft  a 
penumbra )  apparere  nunc  incipit  in  limbo  Lunae,  in 
ea  parte  difci,  quam  fecat  radius  a  centro  Lunae  duc¬ 
tus  per  maculam  Ariftarchi. 

Cum  nubes  redderent  difficiliorem  confpe&um  ma¬ 
cularum,  curavi  definire  quantitatem  diametri  obfcu- 
ratse  ope  Micrometri.  Nunc  igitur  latent  Digiti  3, 
circiter.  Nam  portio  diametri  AB,  Fig.  101.  ab  umbra 
libera,  eft  partium  14,  qualium  tota  Lunse  diameter 
eft  18  j. 

Serenato  tantifper  coelo,  umbrse  limes  tranfire  vide- 
tur  per  Rheinholdum,  Portio  autem  Diametri  A  B  ab 
umbra  non  infedta  eft  partium  Micrometri  13. 

Umbrse  limes  tanto  fpatio  eft  infra  Grimaldum  (in 
tubo  invertente  objedta  )  quanta  eft  diameter  ejufdem 
maculse  Grimaldi.  Tranfit  quoque  limes  umbrae  per 
Eudoxum  &  Ariftotelem. 

A  B  partes  Micrometri  9. 

Umbrae  limes  pervadit  centrum  Maris  Crifium,  Sc 
ftringit  limbum  maculse  Grimaldi.  Portio  vero  A  B 
immunis  ab  umbra  sequat  partes  Micrometri  8  j. 


3]  -At  Rome 
3 1  Odt.  1724. 
N.  S .  by  S. 
Fr.  Blanchi- 
ni.  N°  396. 
P-  *74- 
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Eclipfes  of  the  Moon. 

Sirius  ad  Meridianum  appellit  clariflime. 

Totum  Mare  Crifium  jam  latere  incipit,  &  in  um¬ 
brae  limite  verfatur  etiam  centrum  maculae  Grimaldi. 
A  B  eft  partium  Micrometri  8. 

A  B  partium  Micrometri  7  f. 

A  B  partium  7  -  circiter.  Totus  Grimaldus  extra 
umbram,  &  Ricciolus  quoque  vifitur.  Limes  umbrae: 
tranfit  per  marginem  Maris  Nedtaris. 

Detegitur  Galilaeus. 

A  B  partes  Micrometri  8. 

Ariftarchus  incipit  ex  limite  umbrae  prodire., 

Centrum  Ariftarchi  exit. 

Totus  Ariftarchus  extra  umbram,. 

Centrum  Copernici  exit. 

Totus  Copernicus  extra  umbram,. 

Eratofthenes  exit. 

Helicon  incipit  emergere. 

A  B  partes  Micrometri  12  f . 

Plato  incipit  emergere. 

Totus  Plato  extra  umbram. 

Plinius  extra  umbram. 

A  B  partes  Micrometri  14,  vel  14-. 

Quare  digiti  tres  adhuc  latent. 

Prior  limbus  Maris  Crifium  incipit  prodire. 

Centrum  Maris  Crifium  extra  umbram. 

Totum  mare  Crifium  extra  umbram. 

Finis  umbrae  verse,  quae  exit  e  limbo  Lunae  circa 
pundtum  definitum  per  Diametrum  a  centro  ductam 
per  Cleomedem. 


Phafes . 


Horologiis  pendulo  inftrudtis,  &  per  dies  plures  ad 
meridiem  verum  exadtis  utebamur. 

Nubibus  pariter  orientalem  tractum  obfcurantibus 
in  Lunae  ingreffu  in  umbram,  tam  pertinaciter  au- 
ftralis  ventus  novas  cogebat,  ut  per  totum  tempus  im* 
merfionis  integri  globi  Lunaris  in  umbram,  vix  ter, 
aut  quater,  idque  raptim,  tubum  opticum  in  eum  di¬ 
rigere  datum  fit. 
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Circa  hoc  tempus  umbra  videbatur  ad  centrum 
Lunx  pertingere.  Sed  cum  maculae  diftincle  definiri 
non  potuerint  brevifilmo  illo  fpatio  temporis,  quo 
per  nubium  intervalla  difcus  Lunaris  detegebatur, 
praecise  nofcere  non  valemus  hanc  ipfam  phafin  di¬ 
gitorum  fex  Lunaris  diametri  obte&orum  ,  licet 
paulo  abludat  a  minuto  15,  poll  horam  fextam  a 
Meridie. 

Totalis  Immerfio  ad  hoc  circiter  minutum  tem¬ 
poris  referenda  eft,  quantum  fpedlare  licuit  ex  duo¬ 
bus,  aut  tribus  minutis  horariis,  quibus  Lunam  vi¬ 
dimus  fatis  diftin£te. 

Poll  immerfionem  totalem  difcus  Lunae  apparebat 
ab  Atmofphaerae  terreftris  radiis  refraflis  rubefcens, 
dilutiori  tamen  colore  in  ea  parte  limbi,  quam  poftre- 
mam  Sol  deferuerat. 

Indu&a  poftmodum  ferenitate,  licuit  obfervationes 
emerfionis  perficere. 

Subalbicat  difcus  Lunae  in  limbo  proxime  illumi¬ 
nando.  Nondum  tamen  lux  dire&a  Solis  difcum 
attingit. 

Clarior  adhuc  fit  limbus  Lunae ;  fed  nondum  ex¬ 
cedit  ab  umbra  vera. 

Nunc  primum  limbus  Lunx  incipit  lumen  recupe¬ 
rare  in  parte  circumferentiae  fica  inter  maculas  Grimal¬ 
di  Se  Galilaei:  qux  maculae  adhuc  latent. 

Limes  illuminationis  attingit  primum  limbum  Gri¬ 
maldi. 

Totus  Grimaldus  extra  umbram. 

Galilaeus  emergit  ex  umbra. 

Ariftarchus  incipit  emergere. 

Totus  Ariftarchus  emerfit. 

Prior  Copernici  limbus  incipit  illuminari. 

Totus  Copernicus  extra  umbram. 

Totus  Plato  emerfit. 

Prior  limbus  Tychonis  incipit  emergere. 

Totus  Tycho  e^tra  umbram. 

Subtenfa  arcus  C  A  D,  Se  C  F  D  per  Microme» 
trum  explorata  eft  partium  Micrometri  22,  qualium 
Lunae  diameter  eft  24  in  tubo  palmorum  undecim  Rom. 
A  B  vero  eft  partium  12.  (  Vide  Fig.  102. ) 
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Eclipfes  of  the  Moon. 

Menelaus  25  exit.  (25  eft  numerus  maculae  aflig- 
natus  in  Luns  imagine,  a  Parifienfi  Academia 
edita. ) 

Macula  clarior  fita  ante  Plinium  exit. 

Hermes  ab  umbra  prodit. 

Plinius  emergit. 

Incipit  emergere  Poflidonius  27. 

Maris  Crifium  limbus  prior  emergit. 

Totum  Mare  Crifium  extra  umbram. 

Langrenus  39  exit. 

Umbrae  extremum  in  limbo  Lunae  adhuc  videtur. 
Finis  umbrae  verae. 


z]An  Edipfe  of  The  cloudy  Weather  here  prevented  us  from  feeing  the  Be- 
tbe  Moon  6&.  ginning  of  the  Eclipfe,  and  of  total  Darknefs ;  but  I  obferved, 
Briftol7^*  at  Pretcy  exa&ly>  ^e  firft  Appearance  of  Light,  after  the  total  Dark¬ 
er  Bur--7  nefs,  and  the  End  of  the  Eclipfe;  and  their  refpedive  Times  are  as 

roughs  Efq;  follows,  ViZ, 

392^.37. 


Beginning  of  Light  7  31 

End  of  the  Eclipfe  8  29 


u 


2  o  j  aPParen t  T hue, 


Some  fmall  Time  before  the  renewal  of  true  Light,  there  appear¬ 
ed  a  remarkable  Brightnefs  upon  the  Eaftern  Limb  of  the  Moon* 
which  was  alfo  diffufed  about  the  Edge  of  the  Moon,  to  a  fenflble 
diftance  from  her,  I  would  have  meafur’d  it  had  I  proper  inftruments. 
If  others,  who  are  more  fkill’d  in  thefe  Affairs,  have  made  the  like 
Obfervation,  I  lhall  no  longer  doubt  of  the  Moon’s  having  an  At- 
mofphere. 


XVII. 

i  ~\AnEclipfe  of 
the  Moon  061. 
10 th.  NS. 
1726.  at  Lif- 
bon  by  F.  J. 
Bap.  Carbone. 

400.  p. 
238. 


Sub  mediam  nodem  nubes  difpergi  vifae  funt  atque  hora  fe¬ 
cunda  occidentalis  plaga  ad  quam  Luna  vergebat,  nitidiffima  ap¬ 
paruit,  eademque  ad  finem  Eclipfeos  permanfit,  nullo  igitur  aeris 
incommodo  Obfervationem  hanc  habui ;  nec  quidquam  pnetermifi, 
quod  ejus  reditudini  favere  quoque  modo  intelligerem.  Telefcopio 
ufus  fum  pedutri  8  Parifinorum,  quod  micrometro  inftruxeram 
accuratiffime  elaborato. 

Ad  Temporis  vero  dimenfionem  horologio  ufus  fum,  pendulo  in- 
ftrudo  ;  cujus  tanta  asqualitas  motus,  ut  dierum  intervallo  decem, 
&  odo,  vix  uno.,  aut  altera  fecundo  &  Medio  Solis  motu  difcrepaffe 
deprehenderim. 


Macularum 
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Eclipfes  of  the  Moon. 

Macularum  nomina  ex  Selenographia  P.  Grimaldi  excepta  funt, 
quam  P.  Ricciolus  fuo  Almagefto  novo  inferuit,  ac  nominibus  locu¬ 
pletavit.  In  eorum  vero  commodum,  qui  Hevelianam  fequuntur  No¬ 
menclaturam,  fynonymas  quoque  voces,  ex  hoc  Audlore  defumptas, 
apponam,  praepofita  litera  H,  quae  Hevelium  fignificat. 


V 'emp.  Ver. 
Corredtum. 
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40 

16 
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c  Incipit  penumbra  fenfibilis  limbum  Lume  ad  Euro- 
c  Auftrum  inficere. 

Spiffior  apparet. 

Spifliflima. 

c  Umbra  Terrae,  quantum  difcerni  potefl,  ad  eun- 
Idem  limbum  pertingit. 

Schickardus  in  Umbra. 

I.  Digitus  obumbratur. 

Umbra  ad  Kriflmannum. 

Immergitur  totus. 

{Merfennus  latet :  Littus  Orientale  Maris  Humo¬ 
rum  incipit  obumbrari :  H. Sinus  Sirbonis. 

II.  Digiti  latent. 

Capuanus  immergitur. 

Ad  Grimaldum  pervenit  Umbra  :  H.  Pal.  Mareotis. 
GafTendus  incipit  obumbrari. 

Incipit  Tycho  :  H.  Mons  Sinai.  Grimaldus  latet.. 
Tychonis  medium  tenet  Umbra. 

III.  Digiti :  Tycho  totus  immergitur. 

Morinus:  H.  Caffius. 

Bullialdus  :  H.  Infula  Creta. 

Prophatius  incipit  obumbrari. 

IV.  Digiti. 

Prophatius  latet. 

V.  Digiti. 

c  Umbra  tantum  non  attingit  Galilaeum,  quem 
1  propter  diutifiime  verfatur. 

Ad  Sneilium,  &  Furnerium  pervenit  Umbra. 
AdFracaftorium.  Snellius  &  Furnerius  latent. 
Fracaftorius  totus  in  Umbra. 

VI.  Digiti. 

Sinum  jeftuum  tangit  Umbra  :  FI.  Mare  Adnaticum 
Medium  Vendelini. 

Totum  Mare  Ne£taris  inUmbra  :  H.  Sinus  extremus. 
Grimaldus  incipit  emergere. 


Ricciolus 
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Eel i fifes  of  the  Moon , 

Ricciolus  extra  Umbram. 

Grimaldus  totus. 

Umbra  ad  Langrenum. 

GafTendus  reftituitur. 

V.  Digiti  deficiunt. 

Bullialdus  incipit  emergere. 

Totus  extra  Umbram. 

Krift mannus  incipit.  - 
Item  Schickardus. 

IV.  Digiti.  Totus  Schickardus. 

Pitatus  totus. 

III.  Digiti. 

Tycho  incipit  emergere. 

Tychonis  medium  extra  Umbram. 

Tycho  totus  emergit. 

Fracaftorius  totus. 

II.  Digiti. 

Snellius  emergit. 

I.  Digitus  tantum  latet. 

Furnerius  extra  Umbram. 

c  Extremus  limbus  Lunas,  qui  ad  Africum  fpedlat 
Z  videtur  proxime  emerfurus. 

S’  Jam  Lunas  difeus  integer  apparet,  ac  proinde  Fi¬ 
lms  Eclipfeos. 

S  Adhuc  denfiori  penumbra  praedi&us  limbus  in- 
c  ficitur. 

c  Definit  penumbra  fenfi bilis,  fuasque  Luna  claritati 
c  omnino  reflituta  apparet. 


Ex  obfervatis  Initio,  ac  Fine  Eclipfeos  colligitur 
ejus  Du ratio. 

Medium,  feu  Maxima  obfcuratio. 

Quantitas  Micrometro  diligenter  inveftigata,  Dig. 
6.  min.  io'. 


Initium 
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'Temp,  a  Med . 
Nofie. 
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Phafes. 


tD 
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Ci 


u 

jQ 

e 

p 

o 

bD 

u> 

ctJ 


I 


6 

W 


rInitium  verse  Umbrae  prox.  Nod, 
Grimaldum., 

Ariftarchum. 

Keplerum. 

Mare  Humorum. 

Gafiendum. 

Sinum  Irid.  &  Morinum. 

Copern  icum.  \ 

Bullialdum. 

Eratofthenem. 

Platonem. 

Tychonem 
Aratum,  toto  Tych.  obte£co, 
Manilium. 

Menelaum. 

S.  Dionyfium. 

Plinium. 

Poflldonium. 

S.  fcatharinam. 

S.  Theophil  &  Cenforinum, 

Paludem  Somni. 

Proclum. 

Gocleniunv  &  littus  orient.  Maris  Crifi 
Lit.  Occid.  extremum  Mar.  Crif. 
LLangrenum. 

Immerfio  totalis  prope  Nod.  Occid. 
Receptio  1^.  Lucis  ad  Nod.  Orient. 
Emergit  Grimaldi  margo  Orient. 
rEjufdem  margo  Occident. 

Gal  i  tet». 

Ariftarclius. 

Keplerus. 

Littus  Orient.  Maris  Humorum, 
Gaflendus. 

Plato. 

Timochares. 

T  ycho  totus; 

Sinus  geftuum  totus. 

Manilius. 

Menelaus. 

Poflidonius,  &:  End vm ion. 


2]  fhe  fame 
at  Pekin,  by 
F.  Ignat. 
Kegler. 

N°.  405.  p. 
554- 


rj 

s- 

jD 

C 


X  1 

c 

bO 


Plinius 


200 


H. 
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Eclipfesof  the  Moon . 


<u 


3  J5 
£?S 

w 


Plinius. 

Cenforinus. 

Palus  Somni. 
s  Littus  Or.  Maris  Crif. 
Littus  Occid.  extremum. 
,  Langrenus. 

Finis  Eclipfis. 


Horologium  erat  correAum  per  Culminationes  Palilicii  &  aliquot 
Stellarum  Orionis.  Diameter  Lunas  apparens  immediate  ante,  & 
poll  Eclipfim  dimenfa  :  32'  30A‘  proxime. 


3]  The  fame 
At  Padua,  by 
S.  J.  Poleni. 

N°.  395 
I58. 


Temp.Appar . 

H. 
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// 
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16 

44 
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3i 

35 

35 

47 

33 

34 

50 

40 
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41 
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15 

56 

25 

53 

39 
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46 

54 

53 

18 

5 

44 

Pbafes. 


Penumbra  diluta. 

Penumbra  denfior. 

Umbra  ad  Lunas  limbum. 

Attingit  Mare  Humorum. 

Attingit  Grimaldum. 

Diftat  a  Tychone  diametro  Tychonis  ipfius,  &  Gri¬ 
maldum  tegit  tertia  ejufdem  Grimaldi  parte. 

Fere  attingit  Pitatum. 

Lansbergium  tegit. 

Attingit  Reinholdum. 

Attingit  Fracaftorium,  &  Galilasum. 

Attingit  Mare  Foecunditatis. 

Umbra  proxima  eft  ad  Reinholdum,  tegitque  partem 
tertiam  Maris  Foecunditatis. 

Grimaldus  emergit. 

Grimaldus  jam  diftabat  ab  umbra  diametro  majore 
fui  integra. 

Gafiendus  totus  modo  extra  umbram,  Mare  Foecundi¬ 
tatis  dimidia  circiter  parte  detedhim,  inter  dehifcen- 
tes  nubes  videbantur. 

Quae  nubes  ad  Finitorem  deinde  coadlas  occiduam 
Coeli  partem  penitus  obumbravere ;  neque  Luna 
pofterius  apparuit. 

Hac  Obfervatio  Tubo  optico  optima  nota  longo  pedes  Pa - 
rifienfes  feptem  habita  fuit. 
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Thefe  Obfervations  were  made  by  a  nine  Foot  Glafs.  The  Curious 
Obferver  having  adjufted  a  monthly  Pendulum  Clock  by  a  Meri¬ 
dian  Line  on  the  30th  of  January ,  and  further  corre&ed  it  by  the 
Meridian,  February  the  6th  1728-9. 


Appar.  Time . 

P.  M. 


H. 
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1 1 
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15 
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15 

0 

23 

3° 

29 

10 

33 

3° 

49 

0 

1 
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5 

0 

10 

0 

1 1 

0 

Phafes .. 


Penumbra  obferved. 

Moon’s  Limb  immerged. 

Eaftern  Limit  of  Palus  Mareotis  immerged. 

Mons  Climax,  immerged. 

Mons  Porphyrites  immerged. 

Infula  Melis  immerged. 

Mons  iEtna  immerged. 

Inf.  Sardinia  immerged. 

Inf.  Rhodus  immerged. 

Inf.  Corfica  immerged. 

Mons  Sinai’s  Eaftern  Limit  immerged. 

Mons  Sinai  totally  immerged. 

Inf.  Besbicus,  Eaftern  Limit  immerged. 

Mons  Horminius  immerged. 

Promontorium  Acherufium  immerged. 

Mare  Cafpium,  Eaftern  Limit  immerged. 

Palus  Maeotis,  Eaftern  Limit  immerged. 

Palus  Maeotis,  totally  immerged. 

Moon  totally  immerged. 

Moon’s  Eaftern  Limb  emerged  near  Mons  Acabe, 
Palus  Mareotis  emerged. 

Mons  Climax,  emerged. 

Mons  Porphyrites  emerged. 

Mons  Sinai  emerged. 

Mons  A£tna  emerged. 

Inf.  Besbicus  emerged. 

Mare  Cafpium,  Eaftern  Limit  emerged. 

Palus  Maeotis  emerged. 

A  Penumbra  obferved,  the  Moon’s  Limb  emerging. 
The  Limb  evidently  emerged. 

From  the  Beginning  to  the  End  oftheEclipfe  3h.  44  • 
Totally  Eclipfed — — — ih  38'  1 5/;.  


D  d 


Immerfi 


XVIIF. 

1 1  An  Eelipfe 
of  the  Mook 
at  Cattle 
Dobbs  near 
Carri  cfer- 
gus  in  Ire¬ 
land,  Feb.  2d. 
I72|.  by  A. 
Dobbs,  Efq\ 
N0.  410.  p. 
s 40. 
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2l  The  farte 
at  Rome, from 
J.  B.  Carbone 
N°.  410.  p. 
570. 


Eclipfes  of  the  Moon. 


c. Temp .  Ver. 


Immerfiones. 


Initium  Eclipfis. 

Grimaldi. 

Kepieri. 

Copernici 


Initium. 

Medium. 

Finis. 

Initium. 

Medium. 

Finis. 


T  ychonis 

Manilii. 

Menelai. 

Dionyfii. 

Plinii. 

A,  •  .i,-  .  c Medium. 

Mans  tranquillitatis  <  j,  m 

clnitium. 

Prodl  IFinis. 

Mari,  C, ilium  '{“T 

Lunae  totalis  Immerfio. 


'Temp-  Ver. 


H. 
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1 1 
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9 

14 

16 
10 

17 


// 
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39 
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1 1 
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10 
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33 

57 

54 
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33 

15 

36 
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20 

36 


Emerfiones- 


Primi  Limbi  Lunaris. 


Riccioli. 

Grimaldi 

Ariftarchi 

T  ychonis 

Heliconis 

Pi  a  ton  is 

Ariftotelis. 

Menelai. 

Maris  Serenitatis 

Pofiidonii. 

Cieomedis. 

Maris  Crifium. 


clnitium. 
t  Finis, 
clnitium. 
1  Finis, 
clnitium: 
C  Finis. 

J  Initium. 
C  Finis. 

5  Initium; 
*  Finis. 


C  Medium. 
I  Finis. 


c  Medii. 
1  Totius. 


Finis  Eclipfis  1  ih  20'  4i//# 


Eoderfi 
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Eclipfes  of  the  Moon . 

Eodem  die  diftantia  meridiana  Centri  folaris  a  vertice  non  corre&a 
per  Refractionem  obfervata  ell  55®  9'  31*  in  Gnomone,  cujus  meri¬ 
dianam  Eclipfis  folaris  in  pavimentum  projefta  pertranfiit  tempore 
2'  i§\  &  diameter  apparens  folis  micrometri  partes  2945  intercepit, 
quarum  Luna  paulo  ante  Eclipfim  obfervata  intercepit  2903. 

Obfervationes  habits  funt  Tubo  optico  pedum  Romanorum  8 
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Phafes . 


3] 

Paris.  N°: 
410.  17 1 . 


Penumbra  denfa. 

Penumbra  denfiflima. 

Eclipfis  initium  ex  aliis  phafibus  deduftum. 
Galilaeus  obtegitur. 

Umbra  ad  Ariftarchum. 

Ariftarchus  totus  in  umbra. 

Keplerus  obtegitur  totus. 

Umbra  ad  Galfendum. 

Schickardus  tedtus  omnino. 

Umbra  ad  Reinholdum. 

Ad  limbum  Copernici. 

Eratofthenes  obtedfus. 

Copernicus  totus  in  umbra. 

Helicon  totus. 

Umbra  ad  limbum  Tychonis. 

Tycho  dimidius  in  umbra. 

Ad  limbum  praecedentem  Platonis. 

Plato  in  umbra  totus. 

Ad  praecedentem  limbum  Manilii. 

Manilius  totus. 

Umbra  pervenit  ad  Menelaum. 

Ad  Menelai  dimidium, 

Ad  Plinium. 

Ad  praecedentem  Fracaftorii  limbum. 

Ad  Promontorium  acutum. 

Umbra  tegit  Fracaftorium. 

Pertingit  ad  Proclum. 

Proclum  tegit  totum. 

Ad  limbum  maris  Cafpii. 

Ad  dimidium. 

Ad  limbum  Cafpii  fequentem. 

Finis  dubius. 

Finis  certus. 

D  d  2 


3E=a 


Em  er- 
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Eclipfes  of  the  Moon. 


4]  At  Padua 
by  Signor  J. 
Poleni.  Ne. 
410  -A  173. 
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33 

8 

0 

12 

56 

14 

15 

20 

35 

21 

28 

23 

50 

27 

25 

30 

19 

3i 

0 

36 

15 

37 

26 

41 

24 

42 

0 

Emerfiones. 


Emerfionis  initium. 

Grimaldus  incipit. 

Grimaldus  emergit  totus. 
Galilaeus. 

Schickardus. 

Capuanus. 

Ariftarchus  incipit. 

Totus  extra  Umbram. 

Keplerus  totus. 

Primus  Tychonis  limbus. 
Dimidius  Tycho  extra  umbram» 
Emergit  totus. 

Lansbergius  &  Reinholdus. 
Incipit  Copernicus. 

Copernicus  totus. 

Emergit  Eratofthenes.  , 

Totus  Helicon. 

Plato  incipit. 

Totus  extra  Umbram. 

Manilius  incipit. 

Totus  emergit. 

Menelaus.  . 

Plinius.  > 

Dionyfius. 

Promontorium  acutum. 

Proclus. 

Incipit  Mare  Cafpium. 

Finis  dubius. 

Finis  certus. 


* 

i 


J 


\ 


i 


e* 


Temp.Appar . 

P.  M. 


H. 

t 

n 

7 

44 

40 

7 

45 

40 

7 

50 

53 

7 

53 

26 

8 

19 

34 

8 

38 

10 

Phafes 

Tubo  optimo ,  pedes  Parifienfes  fepiem  longo ,  confpeffez. 


Obfervationem  Initii  Defeftus  nubes  denfae  impedivere. 
Umbra  attingit  Grimaldum. 

Grimaldum  tegit  totum. 

Attingit  Mare  Humorum. 

Tegit  Maris  Humorum  dimidiam  partem. 

Cooperit  totum  Mare  Crifium. 


// 


t 


9  2  6 


10 

15 

6 

10 

26 

45 

10 

31 

40 

10 

38 

45 

10 

50 

12 

1 1 

13 

27 

1 1 

19 

45 

1 1 

20 

56 

Ecli fifes  of  the  Moon. 

fPer  dehifcentes  nubes  Luna  admodum  rubicunda 
obfervari  poterat  perfpicue  adeo,  ut  non  memi¬ 
nerim  alias  in  totali  immerfione  tam  clare  Lunam 
apparuifie  *,  quod  ita  fortafle  vifum  eft  ob  atram 
oblcuritatem,  quam  circumpofitse  denfae  nubes 
L  efficiebant. 

Umbra  dilui  incipit  e  regione  proximae  emerfionis. 
cGrimaldus,  jam  emerfus,  ab  umbra  diftat  tota  fere 
c  fu  a  tranfverfa  diametro. 

Dimidium  Mare  Humorum  difcoopertum. 

Tycho  totus  emergit. 

Apparet  Eratofthenes. 

Promontorium  Somnii  totum  difcoopertum: 

Luna  infici  videtur  fola  penumbra. 

Finis  etiam  penumbrae. 
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Phafes. 


L 

// 

0 

1 

30 

0 

3 

45 

0 

6 

0 

0 

1 1 

0 

0 

54 

0 

0 

57 

0 

1 

1 

0 

2 

40 

30 

2 

43 

3° 

2 

45 

0 

2 

49 

0 

2 

54 

45 

2 

55 

3° 

3 

1 

3° 

3 

4 

0 

3 

8 

3° 

Initium  fub  Grimaldo  Mane  d.  9  Aug.  N.S. 


Umbra  tangit 


Galilaeum. 

Ariftarchum. 

Keplerum. 


Poftea  nubes  condunt  Lunam. 

Tegitur  mare  Crifium  dimidium. 

M.  Crifium  totum. 
Immerfio  totalis. 

Emerfio. 

Galilaeus. 

Ariftarchus. 

Keplerus. 

Emergere  incipit  <!  Copernicus. 

Plato. 

Timocharis. 

uManilius. 

i  ■  -*• 

Emergit  totus  Tycho. 


XIX. 

1]  An  Eclipfe 
of  the  Moon , 
July  29 th. 
1729.  at  Wir- 
temberg,  by 
J.  Weidler. 
N0.  410. 

J74’ 


Emergere 
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ILdipfes  of  the  Moon. 


H.  '  ' 


3 

IO 

3° 

3 

13 

o 

3 

18 

0 

3 

23 

30 

3 

29 

0 

3 

3i 

30 

3 

34 

30 

3 

40 

0 

2.]  Tb e  fame 

Pemp.  Appar. 

at  Padua,  by 
Sigff.J.Poleni. 

H. 

« 

// 

Ntf.  410./. 
176. 

0 

0 

28 

13 

55 

15 

49 

• 

22 

24 

24 

14 

28 

40 

V* 

30 

15 

33 

2 

34 

22 

49 

10 

54 

56 

58 

48 

2 

37 

38 

4i 

20 

3 

4 

15 

6 

16 

7 

28 

-• 

10 

30 

13 

58 

21 

4s 

23 

IO 

25 

28 

2  9 

O 

33 

20 

38 

8 

Emergere  incipit 


Menelaus. 

Plinius. 

Cleomedes. 


M.  Crifium  &  una  M.  Nediaris. 

M.  Nectaris  totum  emergit. 

M.  Crifium  totum  emergit. 

Incipit  emergere  Langrenus. 

Finis. 

Exeunte  umbra  inter  Langrenum  Sc  Petavium. 


■  . . ■■■■  —  ■■  1  w  »  r  >  u.  ■  ■  feu 

Phafes . 


Initium  umbrge  ad  Lunae  Limbum. 

Umbra  tangit  Copernicum. 

Hunc  totum  tegit. 

Attingit  Tychonem. 

Totum  Tychonem  cooperit. 

Attingit  Manilium. 

Hunc  totum  cooperit. 

Menelaum  tangit. 

Menelaum  omnino  cooperit. 

Attingit  Mare  Crifium. 

Mare  Crifium  totum  cooperit. 

Totalis  Immerfio. 

Lux  in  Lunas  margine. 

Grimaldus  extra  umbram. 

Mare  Serenitatis  emergere  coepit. 

Tycho  totus  emergit. 

Manilius  totus  difcoopertus. 

Menelaus  extra  umbram. 

Mare  Serenitatis  totum  emerfit. 

Promontorium  Somnii  jam  extra  umbram. 

Mare  Crifium  incipit  emergere, 
c  Totum  Mare  Ne&aris  extra  umbram,  &  dimidium 
C  Mare  Crifium. 

Mare  Crifium  integrum  apparet. 

Langrenus  extra  umbram. 

Finis  Emerfionis  ab  omni  etiam  penumbra. 


Eclipfes  of  the  Moon. 


Temp.  Ver . 

H. 

9 

// 

11 

56 

52 

12 

1 1 

33 

12 

56 

• 

19 

46 

20 

54 

21 

43 

23 

43 

24 

42 

25 

23 

25 

55 

27 

35 

29 

35 

32 

7 

35 

0 

38 

49 

39 

26 

44 

16 

45 

42 

4  6 

59 

49 

47 

52 

19 

53 

6 

12 

55 

54 

14 

34 

25 

37 

30 

38 

20 

38 

28 

39 

45 

44 

47 

48 

33 

49 

37 

50 

42 

52 

47 

55 

32 

15 

1 

56 

2 

36 

3 

50 

4 

50 

Phafes . 

w—  *»'  if'  Wi'*»  »»■'■  ■i-r—'’-  — — 1  »■■■■■'  <im  '■■»  hi 

Eclipfis  certe  incepta. 

Initium  Copernici. 

c  Centrum  Copernici,  fed  ex  altera  Determinatione 
1  2n  citius. 

£  Initium  Tychonis,  fed  ex  altera  Determinat.  z!! 
L  citius. 

Medium  Tychonis. 

Totum  Tychonem. 

Initium  Platonis. 

Medium  Platonis. 

Totum  Platonem. 

Infula  in  Sinu  medio. 

Totum  Manilium. 

Totum  Ariftotelem. 

Totum  Menelaum. 

Totum  Plinium. 

Promontorium  fomni. 

Promontorium  Acutum. 

Totum  Fracaftorium. 

Totum  Proclum. 

Initium  Maris  Crifium. 

c  Medium  Maris  Crifium,  fed  ex  altera  Determinat, 
c  aJ’  citius. 

Totum  Mare  Crifium. 

Totum  Petavium. 

Totalis  Immerlio  Lunae. 

Tnitium  Emerfionis  duh. 

Initium  Grimaldi. 

Totum  Galilaeum. 

Fotum  Grimaldum: 

Totum  Ariftarchum. 

Totum  Keplerum. 

Initium  Platonis. 

Medium  Platonis. 

Totum  Platonem. 

T otum  Copernicum. 

Totum  Bu’lialdum. 

Initium  Tychonis. 

Medium  Tychonis. 

Totum  Tychonem. 

Totum  Manilium. 


20  7 


3]  dt  Bono¬ 
nia  by  Sign . 
Euftachio 
Manfredi. 
N«.  411.^. 
215. 


7  47  Totum 
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H. 


// 


15  7 

47 

11 

2 

1 1 

37 

'  18 

53 

20 

3° 

20 

59 

23 

34 

1  2* 

co 

Eclipfes  of  the  Moon. 


Totum  Menelaum. 
Totum  Dionyfium. 
Totum  Plinium. 
Promontorium  acutum. 
Initium  Maris  Crifium. 
Totum  Proclum. 
Medium  Maris  Crifium. 
Finis  Eclipfis. 


4]  At  Rome. 
Np.  41  i.p. 
217. 


1 3 


1 

7 

9 

9 

15 

16 

17 

r7 

l7 

l7 

22 

22 

23 

23 

24 

25 

28 

29 
29 

31 

3  2 

32 
35 

35 

36 
5i 
54 
56 

o 


o 

49 

4 

5° 

o 

26 

o 

1 1 

2  7 

40 
26 

41 

7 

50 
41 

25 

43 

i4 

5° 

5 
c 

45 

4 

45 

8 

37 

ic 

8 

16 


Immerfiones. 


Umbra  ad  )  limbum. 

Initium. 

Kepleri  ^  Medium. 

Finis. 
Initium. 
Medium. 
Finis. 
Initium. 
Medium. 
Finis. 
Initium. 
Medium. 
Finis. 
Initium. 
Medium. 
Finis. 
Initium. 
Medium. 
Finis. 
Initium. 
Medium. 
Finis. 
Initium. 
Medium. 
Finis. 
Initium. 
Maris  Crifium  Medium. 


Copernici 


Heraclidis 


Heliconis 


Tychonis 


Platonis 


Manii  ij 


Menelai 


Finis 


Totalis  Immerfio. 


^empuS' 
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Eel  ip f es  of  the  Moon. 


H. 

t 

// 

14 

38 

24 

43 

24 

44 

34 

46 

14 

46 

54 

47 

24 

49 

10 

50 

4 

50 

44 

5i 

24 

52 

9 

52 

44 

15 

7 

5 

7 

13 

8 

18 

26 

39 

28 

38 

3i 

5i 

.38 

0 

Emerfiones. 


Lux  ad  Limas  limbum 
Grimaldi  Finis 
Keplcri  Finis 

Q-  Initium. 
Heraclidis,  ^  Medium. 

C  Finis, 
c  Initium. 
<  Medium. 
C  Finis. 
Initium. 
Medium. 
Finis. 
Initium. 
Tychonis,  <?  Medium; 

rims, 
r  Initium. 

Maris  CrifiumX  Medium. 

C  Finis. 

Totalis  emerfio. 


Heliconis, 


Platonis, 


Obfervationes  habitae  funt  telefcopio  pedum  Romanorum  9,  aere 
innubi  fed  vaporofo.  Diameter  Lunae  horizontalis  capta  15  h.  46' 
intercipiebat  micrometri  partes  2934,  quarum  verticalis  Lunas  dia- 
ter  comprehendebat  28 77,  at  Solis  diameter  die  praecedenti  vifa  eft 
occupare  partes  2830. 


H. 

13 

14 

1 

3 


o 

38 

38 

37 


H 

l6 

24 

8 


Tempus  Immerfionis  totalis. 
Tempus  Emerfionis  primae. 
Mora  in  tenebris. 

Duratio  Eclipfis. 


Solis  Meridiani  refra&ione  omifia,  tangentes , 
in  Gnomone,  cujus  aperturae  horizontalis  dia-^ 
meter  70 


7  Augufti£ 
'8  Augufti^ 


48 190 
47040 
48801 

4773 1 


1 00000 


E  e 


I 


V 
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XIX.  I  took  care  to  regulate  a  very  good  Clock,  and  brought  it  to  true 
lYJ'cjZl  T!me  about  *4  Days  before  the  Eclipfe.  On  the  Day  It  happened, 
at  Bartudoes,  1  faw  the  Sun  let,  and  found  the  Clock  right  according  to  the  mean 
by  Mr. Ste-  Time,  refradtion  allow’d.  At  the  Beginning  of  the  Eclipfe,  the 
ven  on.  N°.  Moon  was  clouded. 


416.  p.  44 1 . 


h 


Afpar.  Time. 

Pbafes. 

H. 

/ 

// 

7 

18 

0 

2  Digits,  about  30°  to  the  left  of  her  Nadir  Point. 

8 

1 1 

c 

c She  totally  immerged  into  the  Earth’s  Shadow,  a- 
1  bout  30°  to  the. right  of  her  vertical  Point, 
c She  emerged,  790  or  8o°  to  the  left  of  her  Nadir 

5i 

0 

9 

1  Point. 

10 

50 

0 

cThe  Eclipfe  ended,  88°  to  the  right  of  her  vertical 

1  Poinr. 

.  — - - - - — 

In  this  and  all  the  other  Obfervations  of  Solar  and  Lunar  Eclipfes 
I  have  made  for  feveral  Years  in  Barbadoe j,  1  found  they  always 
happened  io  Minutes  fooner  than  my  Computation  ;  whence  f  con¬ 
clude  Barbadoes  lies  2V  30'.  more  wefterly,  than  is  generally  fuppofed. 


XX. 

An  Eclipfe  of 
the  Moon  Aug. 
19,  17Z8.  N. 
S.  at  Pekin. 
N°.  414 .  p. 
368. 


f 


Horol.  Corr. 

Phafes. 

H. 

> 

u 

tt 

Non  multo  ante  Eclipfim,  dimenfa  diameter  Lunte 

erat  30'  50". 

10 

54 

0 

c  Penumbra  jam  inficiebat  partes  Lunae  primo  in- 
c  umbrandas. 

1 1 

2 

0 

Initium  Eclipfis  paulo  infra  Cleoftratum. 

v  *'■  •» .  .• 

l3 

0 

Umbra  attingit  Ariitarchum.  - 

14 

30 

Obtexit  totum. 

/* 

1 5 

20 

Attingit  Platonem. 

i6 

50 

Obtexit  totum. 

22 

20 

Attingit  Galileum  &  Timocharim. 

23 

20 

Pytheam. 

2  6 

3° 

Keplerum. 

27 

3° 

Ariftyllum. 

3i 

30 

Bevelium,  Copernicum,  3c  Endymionem  fere  fimul. 

36 

20 

Ricciolum. 

38 

15 

Poflidonium. 

Grimaldum 

Eclipfes  of  the  Moon. 


2T  T 


H. 

I  I 


Oil 


12 

xliiH 


13 


14 


f 

/r 

n 

4° 

IO 

1  » 

4i 

4° 

43 

40 

47 

0 

0 

52 

54 

20 

56 

40 

57 

0 

0 

0 

*  # 

'Jh 

/  j 

v  ; 

2 

30 

4 

3° 
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0 

15 

3-°- 

16 

3° 

21 

3° 

25 

15 

3 1 

0 

34 

0 

3 6 

0 

43 

0 

46 

3° 

52 

0 

1 

0 

2 

•  * 

0 

5 

0 

10 

0 

1 1 

3° 

i5 

0 

20 

0 

22 

20 

25 

0 

29 

3° 

32 

0 

33 

0 

34 

0 

38 

0 

0 

0 

II 


Lente  admo¬ 
dum  emer- 
\  gente  Gri¬ 
maldo. 


Grimaldum,  &  Mercurium. 

Manilium. 

Menelaum. 

Plinium,  &.  Geminum. 

Umbra  ad  centrum  Lunas,  obtedto  Grimaldo  toto. 
Attingit  Mare  Crifium  ^Grimaldi  apice  auftrali 
Ariadasuin  S  haerente  ad  marginem 

Proclum  j  umbrae. 

Culminante  Luna^dta  per  medium  Tychonem  tendens 
inter  Munofium,  &  Prophatium  ad  Copernicum 
coincidit  cum  plano  Meridiani. 

Umbra  attingit  Promontorium  acutum,1 
Cenforinum  &  Taruntium, 

Mare  Crifium  totum  obtedlum, 

Umbra  attingit  S.  Theophilum, 

S.  Cyrillum, 

Langrenum,  Grimaldo  integre  emerfo. 

S.  Catharinam,  Ricciolo  toto  retedto. 

Circa  medium  Eclipfis  micrometro  dimenfa  quantitas 
obfcurationis  erat  Sinice  digit.  6~  ferme,  five  more 
Europaeo  digit. 

Emerfit  Hevelius  totus. 

Umbra  ad  Fracaftorium. 

Galileus  ^ 

Lansbeigius  Cintcgre  detgftj. 

Keplerus  f  0 

Ariftarchus  J 

Copernicus  incipit  emergere. 

Totus  detegitur. 

Margo  umbras  per  centrum  Lunae. 

Pytheas  emerfit. 

Eratofthenes  &  S.  Cyrillus  detecti. 

Timocharis  &  S.  Theophilus  detedti. 

Ariadasus  n 
Manilius 
Ariftyllus 
Plato 

Cenforinus 


r. 


^integre  emerferunt. 

I 


Promontorium  acutum. 

Plinius  &  Langrenus  integre  detedti. 

Finis  Eclipfis  proxime  Berofum. 

In  fine  Eclipfis  diameter  Lunae  inventa  eft  30'  38 


E  e  2 


Durante 
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Eclipfes  of  the  Moon . 


Durante  Eclipfi  faepius  addenfati  vapores  turbabant  faciem  Lunae, 
ut  ejus  maculae,  &  umbrae  margo  non  fatis  diftinde  poffent  difcerni ; 
maxime  id  accidit  ante,  &  circa  finem  Eclipfis. 

*  •  s'.  ‘  ‘  ^ *  K 

XXI.  Tota  illa  node  continenter  modice  ningebat,  coelo  tamen  fic  te- 
A  Total Edipfe  nuiter  nubilato,  ut  Lunares  macula?  faepius  utcunque  diftingui  pof- 
of  the  Moon  fcnt ;  quanquam  rarius  ac  difficilius  tempore  immerfionis :  Sub  emer- 
Feb.  \\tb.  fionem  enim  paulatim  coelum  ferenatum  fuit,  ut  circa  finem  jam  pe- 
I72Q'NN^nitus  innube  exifteret. 

46°. 

Horologium  corredum  fuit  per  altitudines  Arduri  &  Aquilae, 
item  ex  culm  inante  Spica  Virginis  ac  Lance  borea  Libres .  Diameter 
Lunae  initio  eclipfis  micrometro  dimenfa,  erat  32'  o" .  Erantque  in 
linea  verticali  cum  centro  Lunae  Pythagoras  &  Helicon. 


729 
Pekin. 
41 6.  P' 


Temp,  A.  M. 

h!  1  ~ 

2 


38 

41 

42 

43 

47 

48 

5° 

58 

3 

9 

i7 

24 

26 

31 

32 

35 

39 

17 

21 

22 
28 

3Q 

36 

37 


3° 

o 

30 

o 

o 

3° 
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o 

30 

o 

30 

30 

o 

o 

o 

30 

o 

IO 

o 

25 

o 

35 

40 

20 


Phafes , 


Umb.  ad  « 


Initium  eclipfis  contra  Hevelium. 
rGrimaldum. 

Qui  totus  immerfit» 

Gal  ileutu. 

Ariftarchum, 

Keplerum. 

GafTendum. 

Copernicum. 

Sinum  aeftuum  orientaliorem» 

Tychonem. 

JMenelaum. 

Poflidonius  totus  in  Umbra. 

Fracaftorium. 

Proclum. 

Mare  Crifium»  7. 

Langrenum. 

Immerfio  totalis  interLangrenum, 

&  mare  Crifium. 

Emerfio  prima  lucis  infra  Grimaldum, 
Grimaldus  prodire  incipit. 

Totus  emerfit. 

Emerfit  Gafiendus. 

Keplerus. 

Umbra  per  centrum  Tychonis» 

Totus  prodiit. 

Prodiit 


Umb.  ad 


H. 


u 


i 
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40 

46 

48 

50 

53 

55 

57 

58 

59 

o 

2 

2 

5 

10 

10 

13 

1 3 

16 

17 


35 

28 

30 

o 

50 

20 

1 5 

45 

10 

50 

3° 

50 

45 

o 

30 

10 

3° 

30 

40 


Rclipfes  of  the  Moon . 

1«  I  t  y 

l  "  ' 

Prodiit  Copernicus. 

Plato  incipit  emergere. 

Totus  detegitur. 
rSinus  aeftuum. 

Archytas. 
t  Manilius. 

Emerfere  Ariftoteles. 

Menelaus. 

Ariadaeus. 

Tracaftorius. 

Reftat  in  umbra  jr  diametri  Lunae. 
•^►Plinius. 

Prodeunt  ^P°ffidoP-  Vitruv-  &  Cenforinus. 

)  1  aruntius. 

^  Proclus. 

Langrenus  totus  detedhis. 

Mare  Crifium  incipit  emergere. 

Totum  prodiit. 

Finis  eclipfis  contra  Mare  Crifium,  exiftentibus  tum 
in  linea  verticali  per  centrum  Lunae  Oenopide  ac 
Heraclide. 


Temp.  Ver. 

P.  M. 

H. 

/ 

//. 

13 

2-5 

0 

40 

0 

53 

0 

H 

3. 

45 

4 

32 

6 

0 

9 

47 

10 

25 

1 1 

6 

16 

15 

18 

34 

22 

38 

23 

5° 

24 

54 

29 

40 

| 

31 

55 

t 

33 

42 

Phafes . 


cc 


r 


0? 


Incipit  penumbra  fenfibilis.  cUlO'J  01  jft'1 
Fit  fpiflior. 

Fit  fpifiifiima. 

Dubitatur  de  Eclipfis  initio. 

Nunc  certo  incipere  videtur. 

Jam  difcus  Lunae  apparet  deficiens. 

Umbra  attingit  plagam  Borealem  Terrae  Pruinae, 
Pervenit  ad  Harpalum. 

Medium  Harpali  tenet. 

Attingit  Littus  Boreale  Sinus  Iridurn.. 

Heraclides  totus  tegitur. 

Plato  incipit. 

Medius  Plato  latet. 

Fotus  Plato  obumbratur.. 

Umbra  ad  Ariftarchum. 

Ad  medium  Ariftarchi. 

Totum  Ariftarchum  occultat. 


ot 
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A  Lunar  E- 
clipfe  Feb.  2, 
1730.  N.  S.  at 
Lisbon  by 
P.  J.  Bapt. 
Carbone,  N° 
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Eel  iff  es  'sf'  -the  Moon. 
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Ariftoteles  obumbrari  incipit. 

Medius  Ariftoteles:  tegi  air. 

Ariftoteles  to  tus ‘in  u  mbraV  • 

.  •  'i 

Eudoxus  totus.  •  cutiic  j 
Umbra  attingit  EftdymTbnem,  &  Ariftyllum  fimul. 
Medius  Endymion,  &  totud  Ariftyllus  latet.  (  • 
Endymion  totus. 

Timocharis  totus*,  umbra  pervenit  ad  Littus  maris 


O  r  ^  •■Tvf  ? 


oi 


v.  < : 
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c 
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Serenitatis. 

Ad  Lacum  SomniBrum: 

Ariftarchus  incipit  eme^gerb. 

Medius  Ariftarchus* extra  iifnbram. 

Ariftarchus  totus  emergit. 

Pofiidonius  incipit  obumbrari. 

Lacus  Somniorum  totus,  &  dimidium  Pofiidonii  oc¬ 
cultatur.  ‘  ’ 

Timocharis  incipit  emergere., 

Timocharis  emergit  totus’ *,  &  totus  Pofiidonius  oc¬ 
cultatur.  '  !  *  1  ’ 

Archimedes  totus  extra  umbnpn, 

Pofiidonius  incipit  emergere." ‘  i,s 

_ ..  .  A...  .  4*.  •  ■  •  —•  —  »  mC  IUM  i  I 

Heraclides  totus. 

Pofiidonius  totus. 

Harpalus  totus. 

Platonis  initium. 

Platonis  medium. 

Plato  totus  extra  umbram..  ^  i  ,;•.{*  o 
Lacus  mortis  totus.  /ioiU  i  i  fi  |  o 

-firn:  ;i  'ci  I  ... 


I 


.Ta.f;'  v 

a 

i  r 
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Ariftoteles  incipit  emergere.  -r  ;  •  p 
Ariftoteles  medius  extra  umbram, 
Ariftoteles  totus. 

Endymionis  initium.  .  . 

Endymion  totus.  fmnijlu  mdinU  va 

Finis  Eclipfis. 

Duratio  Eclipfis  4  h.  59'  28A 
Medium  Eclipfis  15  h.  4'  16". 

Quantitas  Digit.  3  Min.  20..  ad  Boream. 
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Eclipfes  of  the  Moon. 


.H  i 


Hsec  Eclipfis  Pekim-ob  denfe  nubilatum  coelum  non.  potu-it  obfer-  XXIII 
vari.  Eam  tamen  obfervavit  Po  Phil.  Jac.  Simon tlli  in  urbe  Chamxo  i]  An  Eclipfe 
Provinciae  Nankinenfis ,  quae  Pekino  ad  ortum  diftat  paulo  plus  a.  of  the  Moon  at 

Chamxo  in 

the  Province 
.  '  of  Nankin, 


gr.  JEquatoris.  i.  e.  16  vel  17  min.  temporis. 

-b‘JUVOD - 

■■■■  1 - - dT  Ni'um  ',VvVo>:  ■  cm  ",  1 


Phafes*  b:  r  vcr.  '■  /  rn 


■  t 


Irtefu.l 


t  •  •  i  •  r  •  1  •  *  * 

Initium  Ecliphs  ibi  tint 
t Finis  ■  ,  '  •  j  v:  ■; 

Maxima  obfcuratio,  .'d;gitor.um  Sihicorum  3.  19' 
'Itaque  medium.  |r f  ’ 

Quod  calculus  pro  Pekino  dabat 

Cum  digerentia  fatis  jufla 


"Temp.  P.  M. 

a  7  77 

[  0  55  o 
12  49  o 

o  bar;  xjjd 

11  52  •  o 

1136  o 


July  29.  N.  S. 

173° 'h  P- 

Jac.  SimonelJi. 
N°  424.  p. 
320. 


I  OO  16 


o 


.  M 


Eandem  Eclipfim  in  Regia  Cochinchinee  obfervavit  [p.  Francifcus  d  2)  The  fame  at 

<1  Cochinchina, 


Litna. 
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Initium  annotavit 
Et  finem 

Adeoque  medium  erat 

Medium  Eclipfeos  Pekini  ex  calculo 

Unde  exurgic  diiTerentia  ejus  Meridiani  'a  Pekino 

Ad  Oocid.  42'  temporis  i.  e.  xdQ.  30'  /Equatoris 


Terni >.  P.  M. 

x  .  V  . 
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48 
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Cochinchina, 
by  P.  Francif- 
cns  de  Lima. 
Np  424.  p. 
320. 
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About  two  in  the  Morning  Mr.  Robie  viewed  -the  M&on  with  his  XXIV 

eight  Foot  Telefcope*  and  (he  was  untouched.  1 

■  jp  ..  hi  id  \  •  ;a  -Wj  .i  • .  •  d  mo  ,  Vu 
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Time  Correct. 
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!  A  thin  Penumbra. 

rT~'l  013  *1*1  1 

1  he  Shadow  is  plainly  entered. 
Palus  Mareotis  covered. 

Mons  Porphyrites  touched. 

-  -  covered. 


An  Ed  iff e  of 

the  Mobn  June 
"“28, n  1721. 
by  Mr.  Robie 
.  '  in  New  Eng- 
-  land.  N°423. 
A  272* 


Moon 


2l6 


Eclipfesof  the  Moon . 

H.  '  ' 

2  47  10 

Moon  Eclipfed  about  fix  Digits. 

2  49  05 

Bejhicus  juft  touched. 

2  50  30 

- covered  wholly. 

2  53  40 

Byzantium  touched. 

2  54  10 

—  covered. 

3  °5  40 

Palus  Mceotis  touched. 

3  18  3° 

Moon  wholly  covered. 

There  remained  a  Light  on  the  Weftern  Side  of  the  Moon  for 
fome  Time. 

About  3h  50'  in  the  Morning,  the  Moon  was  wholly  hid  by  the 
Haze  and  coming  on  of  Day-Light,  that  nothing  could  be  feen  of 
her  ;  although  from  the  Immerfion  ’till  now  floe  was  vifible. 


XXV. 

Southings  of  the  Moon. 

i  \AJironomical 

H.  '  " 

Qbjcrvations 

by  Mr.  Robie 

Ottob.  5  th. 

1717  9  32  0  P.  M. 

at  Harvard 

Sept.  24 

1718  9  38  0  there-abouts. 

College  inNzw 

2  £ 

10  22  32  P.  M. 

.England. 

26 

11  26  0  F.  M. 

423’  P’  2/0. 

Dec.  19 

6  45  45  P.  M. 

20 

7  3°  36 

23 

9  54  5 

25 

11  47  33 

Jan.  1 7 

1719  55 2  1 

19 

7  33  1 

22 

10  21  40  P.  M. 

Feb.  1 6 

6  15  15  . 

19 

8  59  40 

2  I 

10  54  30  P.  M 

2I  Me  Semita  On  ^eCm  IO>  *720»  ab°Llt  P.  M.  Mr.  Robie  firft  faw  the  Light 
fu  mi  no  fa  of  that  ftrikes  up  toward  the  Pleiades ;  and  on  Jan.  6,  following,  he 
Dr.  Childrey  found  it  was  increafed,  and  almoft  reached  to  the  Pleiades.  And 
Obferv.  Dec.  j^ec.  y 5  172 1,  he  obferved  the  fame  ;  and  on  the  25th  he  hath  given 
10,  1720.  t|^s  pjgUre  of  it  :  ho  is  the  Part  next  the  Horizon  ;  V  the  Point 
V  103.  toward  the  Pleiades. 

This  Glade  of  Light  is  the  fame  that  Dr.  Childrey  mentions  in  his 
Britan.  Bacon,  under  the  Name  of  Semita  luminofa  \  and  which  I  faw, 
and  gave  a  Figure  of  in  PhiloJ  Lranf.  Numb.  305. 


An 


Eclipfes  of  the  Moon. 

An  Eclipfe  of  the  Sun  Sept.  23d.  1712. 


217 


Phafes. 

P.  M. 

3]N*  423./. 
270. 

The  Beginning  'I 

The  Middle  nearly  s  at 

The  End 

About  9  Digits  were  eclipfed. 

H.  '  " 

1223  0 

1  47  0 

3  5  i° 

On  an  Eclipfe  cf  the  Sun ,  Nov.  27,  1722.  Videp.  173. 

\ 

4]V«  423./ 

Z73. 

s 

At  8h  55'  i5//  the  Sun  was  eclipfed  4^  neareft ;  and 
then  the  Sun’s  Diameter  was  to  the  Moon’s  as  1000 
to  972. 

At  9h  00'  if.  were  hid  4  ~  Digits  nearly,  and  the 
Sun’s  Diameter  was  to  the  Moon’s  as  1000  to  975. 

H.  '  " 

8  55  15 

9  00  i5 

Temp.  Ver. 

Phafes. 

H. 

f 

// 

t 

2 

33 

3° 

Commencement. 

2 

46 

15 

L’ombre  a  Ariftarque. 

2 

56 

20 

L’ombre  a  Galilee. 

3 

20 

3° 

—  au  bord  Septentrional  de  la  mer  Cafpienne; 

3 

23 

3° 

L’ombre  a  Proclus. 

4 

14 

3° 

Ariftarque  fort  de  l’ombre. 

4 

i7 

50 

Tout  Copernic  eft  hors  de  l’ombre. 

4 

33 

34 

Timocharis  eft  forti  de  l’ombre. 

4 

44 

23 

Platon  eft  entierement  hors  de  l’ombre. 

5 

6 

30 

Fin  de  l’eclipfe. 

2 

33 

0 

La  duree  de  l’eclipfe. 

XXVI. 

An  Eclipfe  of 
the  Moon , 
Novexnb.  i. 
1724.  N.  S. 
by  Mr.  Ma- 
raldi  at  Paris, 
N°  385.  f. 

l86. 


F  f 


Occulta - 


2i  8  Occultations  of  fever al  fixed  Stars  by  the  Moon. 


XXVII.  i]  On  Feb.  25.  1 7 1 1 .  Mr  .Robie  faw  the  Moon  cover  Aldebaran  at  a- 

1]  Of  Aide-  bout  911  18'  P.  M.  and  the  Star  to  emerge  at  ioh  2of,  P.  M.  then  by 
baran, tf/Har-  his  Meridian  Inftrument  defcribed  in  Franf.  NQ  291.  beino-  2'  too 
I^Nevv  Eng.  ^0W’  lo  t^iaC  2'  are  t0  added  to  the  Time  mentioned.  ° 

by  Mr.  Robie. 

Na  428.  p.  2]  8b  50'  6;/,  Die  9  Mart.  1727.  emerfit  Spica  Virginis  e  limbo  Lunger 
2^°'  .  obfcuro. 

2]  Spica  Vir¬ 
ginis  at  Bo¬ 
logna,  by  S.  3]  \728.Januar.  die  2.  mane,  Luna  occultavit  Stellam  c Leonis.  Im- 

Euft.  Man-  merfio  erat  2h  35'  2o/;  in  reda  per  Tychonem  &  S.  Theophilum  *. 

Emerfio  fuit  3h  20'  40^  in  reda  per  S,  Theophilum  &  Eratodheneml 

p.^%  4. 

3]  Occultations  Die  22.  Summo  mane,  Luna  tranfivit  per  Pleiadas- 

of fever  al fixtd 

MrjyjZS'  lh  0>  25,1  immerrit  Taygete  poll  Lunam,  in  refta  cum  Bullialdo, 

&  Abulfeda. 

ih  y  3Q//  Celceno ,  a  Cufpide  cornu  auftrali  pauculis  fecundis  di- 
dans  in  reda  ex  Tychone  per  Clavium,  mox  difparuit 
nimia  fluduatione  lucidi  limbi  Lunae  abforpta.. 
ih  18'  24/y  immerfit  Sterope  in  reda  cum  Bullialdo,  &  FracadoriOo 
ih  25'  56"  Mata  in  reda  ex  Tychone  per  Longomontanum. 

Emerfio  nullius  videri  poterat  ob  nimiam  fluduationem  lucis  Lunas 
inter  vapores. 


obferved  at 

Pekin.  N° 

4*4-  P’  37®' 


Die  29  vefp.  Luna  obtexit  Stellam  r  Leonis.  Immerfio  fuit  gh  27,. 
531’  in  reda  cum  Galileo,  &  Lanfbergio.  Emerfio  verb  10b  24^ 
17"  in  reda  cum  Macrobio  &  Sofigene. 

Mart,  die  21  vefp.  occultavit  Luna  Stellam  y  Cancri.  Immer¬ 
fio  fuit  8h  14'  in  reda  per  Copernicum  &  Boreum  marginem 
Langreni.  Emerfio  fuit  negleda. 

Mali  die  24.  Summo  mane  ih  51'  30^  Luna  abforbuit  Stellam  r 
Scorpionis  proxime  Byrgium.  Emerfio  non  fuit  obfervata. 

Sept,  die  14  vefp.;  Luna  occultavit  Stellam  4  Capricorni.  Immer- 
fio  fuit  8h  1  v  io"  inter  Seleucum  &  Cardanum.  Emerfio  gh  37'  30 11 
paulo  infra  Langrenum. 

Die  1 9  vefp.  Luna  obtexit  Stellam  J  Pifcium.  Immerfio  fuit  8h 
43'  4 5;/  m  reda  per  Tychonem  &  Langrenum.  Emerfio  autem 
9h  5'  154  in  reda  cum  Tychone  &  Keplero. 

Oft.  die  28  mane  Luna  occultavit  Regulum,  feu  Cor  Leonis .  Im~ 
merfio  fuit  ih  39'  50*  in  reda  per  Aridarchum  &  Gaffendum.  E- 
merfio  2h  11/  if  in  reda  per  Aridarchum  &  Cardanum. 

4]  fibe  Conti.  r 

Nov.  1729.  Fov.  die  20  511  °  4~f/  mane  Luna  obtexit  dellam  v  Leonis  $  locus 

at  Pekin.  n°  imqaerfionis  erat  proxime  contra  Roccam. 

416.  p.  455. 


6^2 1 
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Qccultations  of  fever al  fixed  Stars  by  the  Moon. 


6h  21'  55/;  prodiens  Stella  flabat  in  redla  cum  Reinholdo  &  Gri- 
maldo  ;  adeoque  locus  emerfionis  prope  Berofum,  & 
tranfitus  ferme  centralis. 


1729.  Mart,  die  8.  nh  18'  P.  M.  Luna  obtexit  flellam  boreo» 
orientalem  trapezii,  quod  eft  infra  pedes  aurigae.  i2h  12'  emerfit 
ftella  e  regione  Mefiallae.  Die  n.  yh  56'  2"  vefp.  Luna  obtexit 
ftellam  t]  Cancri.  Locus  immerfionis  erat  contra  Schickardum.  E~ 
merfio,  quae  fait  contra  Petavium,  paulo  tardius  notata  eft  9h  2 
2,o"  ;  accideret  autem  proxime  8h  59'. 

April,  die  2.  vefp.  Conjundtio  Lunge  cum  Pleiadibus. 

8h  23'  2"  Luna  obtexit  ftellulam  borealiorem  trianguli  quafi  gequi- 
lateri,  quod  praecedit  Pleiadas  :  Locus  immerfionis  contra  PhocyL 
lidem.  9h  2'  23"  abforbuit  ftellam  claram,  quae  eft  fupra  Pleiadas 
ferme  in  redta  linea  cum  Pay  get  e  &  Elettra:  Locus  immerfionis  vi¬ 
debatur  effe  contra  Cardanum.  9h  9'  25^  Luna  obtexit  Taygeten , 
cujus  immerfio  erat  contra  Cabaeum  prope  cufpidem  Lunge  auftra- 
lem.  9h  18'  58^  immerfa  eft  prgecedens  St  ero  fies ,  contra  Bartolurru 
9h  25'  27y/  immerfa  eft  fequens  prope  Cafatum. 

Emerfiones  non  poterant  videri  ob  nimiam  undulationem  lucidi 
limbi  Lunse  atmofphsram  lubeuntis. 

Die  11.  8h  12'  P.  M.  Luna  obtexit  ftellam  v  Leonis  diredte  con¬ 
tra  Schickardum,  ftante  Mefialla  in  vertice  Lunae.  Emerfit  Stella 
9h  ii*  3o/y  paulo  infra  Langrenum,  verticem  Lunae  obtinente  Mer¬ 
curio. 

Nov.  die  7.  mane  tranfitus  Lunae  per  Pleiadas ,  cum  borealium 
occultatione,  ut  fequitur. 


dub. 


H.  '  9 

4  51  10 

4  53  6 

5  i7  3° 

5  18  20 

5  21 

6  37  10 

6  2  20 

6  15  30 


Immerfit  Celceno  contra  Zucchium, 

Immerfit  Taygete  contra  Crugerum. 

Immerfit  clara  Steropes  fupra  Ricciol. 

Immerfit  Maja  contra  marg.  occ.  Schickardi. 
Immerfit  fequens  Steropen  contra  Roccam. 
Emerfit  Celceno  redta  contra  Petavium. 

Emerfit  Taygete  inter  Langrenum,  &  mare 
Crifium. 

Emerfit  Maja  ad  bor.  Wendelini» 


Emerfio  Steropes  ob  diluculum  nequit  videri. 

Eodem  die  vefp.  yh  30'  34^  ab  Luna  occultata  fuit  ^  Tauri  paula 
infra  Galileum^  quae  rurfum  emerfit  8h  33'  15"  paulo  fupra  Lan- 
grenum. 


F  f  2 


Die 
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Qbfervations  on  the  Spot  Plato  in  the  Moon . 


5]  OccuJtations 
of  the  Pleiades 
and  feme  other 
fxed  Stars 
obferved  in 
1731.  at  Pe¬ 
kin.  N°  424. 

A  3* *9- 


P.  M. 


H. 

f 

u 

10 

9 

40 

10 

32 

5  2 

10 

38 

15 

1 1 

23 

52 

1 1 

26 

5 

1 1 

47 

32 

12 

1 

IO 

1 2 

12 

12 

12 

13 

57 

12 

25 

3 

Die  17  Jan.  1731.  Obfervatus  eft  tranfitus  Lunce  per 

Pleiadas  ut  [equitur. 


Immerfit  El e  dir  a  in  redta  per  Platonem  Sc  Eudoxum. 
clmmerfit  Merope  in  redta  per  Copernicum  Sc  Ale f 
t  fallam . 

Emerfit  Eledlra  in  redta  per  Thaletem ,  &  Eudomm. 

<~  Immerfit  praecedens  lucidam  Pleiadum  ( triplex 
f  Stellula)  in  redhi  per  Eratofth.  Sc  S.  Cyr ilium. 
clmmerfit  lucida,  feu  Alcyone ,  in  redta  per  Coper - 
c  nicum  Sc  S.  Catharinam. 

c  Emerfit  Merope  in  redta  per  Taruntium  &  S.  Theo- 
l  philum. 

clmmerfit  lucidior  ex  parvis  ad  Auftrum  Atlantis ,  in 
1  redla  per  Bulliald ,  Sc  Cenforinum. 
clmmerfit  Atlas  in  redta  per  Copernicum  Sc  Juk 
L  Caelarem. 

c  Emerfit  Alcyone  in  redta  per  Marginem  Orient, 
L  Poffid.  Sc  Menelaum. 

c  Immerfit  Pleione  in  redta  per  Copernicum  &  Pto- 

1  lom^eum. 


1731.  Die  14  Mart.  >  occultavit  Stellam  h  in  y.  Immerfio  ac¬ 
cidit  H.  8,  41'  50"  P.  M.  in  redta  per  Taruntium,  Sc  Langre- 
num.  Emerfit  H.  9,  51'  a  Firmico  modice  ad  Auftrum. 

Die  20  Mart.  Luna  occultavit  Stellam  it  in  51.  Immerfio  fuit 
H.  11,  13'  P.  M.  in  re<5ha  per  Merfennum,  Sc  Bullialdum.  Emer- 
fio  H.  12,  31'  e  regione  Firmici. 

Die  16  April.  Luna  occultavit  Stellam  0,  in  51.  Immerfio  fuit 
LL  8,  46'  30'  P.  M.  in  redta  per  Bullialdum  Sc  Cenforinum.  E- 
merfio  H.  10,  5'  45/y  in  redta  per  Taruntium,  Sc  Menelaum. 


XXVIII. 

Qbfervations 
on  the  Spot 
Plato  in  the 
Moon  feen 

Aug.  1 6.  N.S 
1725.  by  S. 
Bianchini  at 
Rome.  Np 
396.  p.  1 81. 
Fig.  104. 


Margines  elevati  in  ambitu  maculae  perfundebantur  luce  Solis, 
Sc  car  dcrera  confuetumoftendebant  :  fundus  maculae  tenebrofus  fpec- 
tabatur,  cum  ad  ilium  radii  folares  nondum  pertingerent.  Sed  pro- 
jedtio  lucis  minus  candidae,  imo  nonnihil  rubefeentis,  pervadebat  me¬ 
diam  aream  maculae  (ut  in  Fig.  104.)  non  fecus,  ac  fi  in  latere 

*  marginis  A  Soli  obverfo  foramen  aliquod  fuerit,  per  quod  radius  Sciis 
admitteretur. 

Duplex  innuitur  caufa,  unde  praedidtus  effedtus  procedere  pofiet  \ 
vel  fcilicet  foramen  in  latere  Marginis  Soli  obverfo  j  vel  refradtio, 

alicujus 
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alicujus  radii  folaris  in  fu  mm  itate  marginis  fada,  unde  interiores  par¬ 
tes  ipfius  maculas  pervaderet  radius.  Utrumque  fane  probabile,  & 
utrumque  pariter  confirmat  dari  circa  Lunam  Atmofphaeram  noftrae 
non  ablimilem  ;  five  enim  foramen  admittamus,  per  quod  Solis  radius 
introducatur, &  hic  fane  neutiquam  videri  pollet  inobfcuro  cavo  maculae, 
nifi  ab  exhalationibus  lucem  refledentibus  fieret  confpicuus  vel  ad¬ 
mittamus  refradionem,  &:  htec  fine  intermedio  craffiori  dari  nequit. 

Hcec  obfervavit  vir  clarijf  hora  pruna  poft  Solis  cccafumin  monte  Pala¬ 
tino ,  tubo  optimo  J.  Campani  Palmorum  150  Romanorum. 

Mr.  Bradley ,  the  Savilian  ProfefTor  of  Afironomy,  and  myfelf,  XXIX. 
have  compared  Mr.  Hadley' s  Telefcope  ( in  which  the  focal  Length  1  ] Obfervat. 
of  the  Objeifl  Metal  is  not  quite  5  Feet  and  £)  with  the  Hugenian  f  an.\ 
Telefcope,  the  focal  Length  of  whole  Object  Glafs  is  123  Feet :  jf  \hl  'RJJp ' 
And  we  find,  that  the  former  will  bear  fuch  a  Charge,  as  to  make  rend  Mr.  J. 
it  magnify  the  Object  as  many  Times  as  the  latter  with  its  due  Pound,  with 
Charge;  and  that  it  reprefen  ts  Objeds  as  diftind,  though  not  alto- 
gether  fo  clear  and  bright  ;  which  may  be  occafioned  partly  from  the 
Difference  of  their  Apertures  ( that  of  the  Hugenian  being  fomewhat  378. />.  382. 
the  larger)  and  partly  from  feveral  little  Spots  in  the  concave 
Surface  of  the  Objed  Metal,  which  did  not  admit  of  a  good  Po- 
lifh. 

Notwithftanding  this  Difference  in  the  Brightnefs  of  the  Objeds, 
we  were  able,  with  this  refleding  Telefcope,  to  fee  whatever  we 
have  hitherto  dilcovered  by  the  Hugenian  ;  particularly  the  T  ranfits 
of  Jupiter's  Satellites,  and  their  Shades,  over  the  Disk  of  Jupiter  ; 
the  black  Lift  in  Saturn's  Ring  ;  and  the  Edge  of  the  Shade  of 
Saturn  cafl  on  his  Ring,  as  reprefented  by  Fig.  4.  Plate  2.  of  the 
forementioned  Franfadt.  Numb.  376.  or  Fig.  10 5.  of  this  Abridg-  Fig.  105. 
ment. 

We  have  alfo  feen  with  it  feveral  Times  the  5  Satellites  of  Sa¬ 
turn  \  in  viewing  of  which  this  Telefcope  had  the  Advantage  of 
the  Hugenian ,  at  that  Time  when  we  compared  them  ;  for  it  be¬ 
ing  in  Summer,  and  the  Hugenian  Telefcope  being  managed  with¬ 
out  a  Tube,  the  Twilight  prevented  us  from  feeing  in  this  forne  of 
thofe  fmall  Objeds,  which  at  the  fame  Time  we  could  difeern  with 
the  refleding  Telefcope. 

Mr.  Hadley  gave  the  Society  a  Relation  of  Tome  of  the  moff  re-  2]  The  fame  by 
markable  Obfervations,  which  he  had  made  with  his  Refleding  I  e-  1 

lefcope,  before  he  prefen  ted  it  to  the  Society.  extracted  from 

In  obferving  Jupiter's  Satellites  he  has  feen  diftindly  the  Shadows  the  Minutes 
of  the  firft  and  third  Satellites  caff  upon  the  Body  of  the  Planet.  of  the  R.  S. 

In  obferving  Saturn  Lift  Spring,  at  the  Time  when  that  Planet  X  3;  S.  p. 
was  about  15  Days  pad  the  Oppofition,  he  faw  the  Snade  ct  the  0 

Planet  cafl  upon  the  Ring,  and  plainly  difeerned  the  Ring  to  be 

dill  in- 
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Wiftinguifhed  into  two  Parts,  by  a  dark  Line,  concentric  to  the  Cir¬ 
cumference  of  the  Ring.  The  outer  or  upper  Part  of  the  Ring 
feemed  to  be  narrower  than  the  lower  or  inner  Part,  next  the  Bo¬ 
dy,  and  the  dark  Line,  which  feparated  them,  was  (Longer  next 
the  Body,  and  fainter  on  'the  outer  Part  towards  the  upper  Edge 
of  the  Ring.  Within  the  Ring  he  difcerned  two  Belts,  one  of 
which  eroded  Saturn  clofe  to  its  inner  Edge,  and  feemed  like  the 
Shade  of  the  Ring  upon  the  Body  of  Saturn  *,  but  when  he  confider- 
ed  the  Situation  of  the  Sun,  in  refpedt  to  the  Ring  and  Saturn ,  he 
(bund  that  Belt  could  not  arife  from  fuch  a  Caufe. 

He  fays,  that  at  Times  he  has  feen  with  this  Telefcope  three  dif¬ 
ferent  Satellites  of  Saturn ,  but  could  never  have  the  Fortune  to  fee 
all  live. 

Aug.  1723.  Mr.  Hadley  adds,  that  he  has  feveral  Times  feen  the 
Shadow  of  the  firft,  fecond,  and  third  Satellites  of  Jupiter  pafs  over 
the  Body  o(  that  Planet,  and  that  he  has  feen  the  firft  and  fecond 
appear,  as  a  bright  Spot  upon  the  Body  of  Jupiter ,  and  has  been  a- 
ble  to  keep  Sight  of  them  there  for  about  a  Quarter  of  an  Hour, 
from  the  Time  of  their  entring  on  his  Limb. 

Jupiter's  Satellites  have  of  late  Years  been  fo  fituated,  with  regard 
to  the  Earth  and  Jupiter ,  that  he  has  not  had  fufficient  Opportunity 
of  obfervlng  the  Tranfit  of  the  fourth  Satellite,  or  of  its  Shadow. 

The  dark  Line  on  the  Ring  of  Saturn ,  parallel  to  its  Circumfe¬ 
rence,  is  chiefly  vifible  on  the  Anfee>  or  Extremities  of  the  Elliptick 
Figure,  in  which  the  Ring  appears ;  but  he  has  feveral  Times  been 
able  to  trace  it  very  near,  if  not  quite  round  *  particularly  in  May , 
1722,  he  could  difeern  it  without  the  Northern  Limb  of  Saturn ,  in 
that  Part  of  the  Ring,  that  appeared  beyond  the  Globe  of  the  Pla¬ 
net.  The  Globe  of  Saturn  ( at  leaft  towards  its  Limb)  reflects  lefs 
Light  than  the  inner  Part  of  the  Ring,  and  he  has  fometimes  diftin* 
guifhed  it  from  the  Ring  by  the  Difference  of  Colour. 

The  dufky  Line,  which  in  1720  he  obferved  to  accompany  the 
inner  Edge  of  the  Ring  crofs  the  Difk,  continues  clofe  to  the  fame, 
though  the  Breadth  of  the  Ellipfe  is  confiderably  encreafed  fince  that 
T  ime. 


XXX.  die  6.  vefperi,  Conjundtio  Saturni  cum  Luna,  fed  Luna  non 

A  Corf  unfit  on  nifi  poft  7hJ  e  nubibus  promicante.  Captae  funt  tantum  fequentes 
ofSrtarnzvitb  diftantias  Saturni  a  propiore  limbo  Lunae  cujus  diameter  30'  45//. 

the  Moun>  ob- 


jerved  at  Pe¬ 
kin,  Dec.  6. 
N.  S.  1728. 
Np.  416.  p. 

4.56. 


Hora  7 


55W  in  re6taCfrrfaftorium- 
30  (  c  -a  )  ludorum. 

J  >excufpide<0  . 

°  C  ,  T  )Santbecium, 

I03b°r,  >  per4etayium_ 


1724.. 
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1724.  Jane  23d,  ioh  13'  Saturn  followed  a  Star  (in  Senex*s  Zodi-  XXXI. 
ack ,  but  without  any  diftinguifhing  Mark)  5i/7  and  an  half  of  Right  Obfervat.  of 
Afcenfion  in  Time,  and  declin’d  from  it  South  40^.  at  Southwick 

June  25th ,  ioh  o'  Saturn  followed  the  fame  Star,  13 /;  of  Right  [oni^e^T*5' 
Afcenfion  in  Time,  and  declined  from  it  South,  3 a  or  g  only.  G.Lynn,Efa; 

N°  373-  P- 

Hasc  confideratio  formarum  quas  pro  diverfa  gravitatis  ad  vim 
centrifugam  ratione,  fluida  induere  pofiunt,  me  induxit  ut  cogita-  ^XXIf. 
rem  tales  planetarum  formas  forfitan  in  coelis  reperiri,  cum  ad  hoc  A  Conieaure 
celeriori  tantum  circa  axem  motu,  vel  minori  materia?  denfitate  opus  nature  and 
fit.  Etenim  quamvis  pauci  quos  novimus  planetas  fatis  ad  fphasroidi-  manner  0f 
cam  formam  accedant,  cur  non  alij  aliarum  formarum  fupra  di&arum  forming  Sa- 
admitterentur  vel  circa  alios  foles,  vel  etiam  circa  noftrum  ?  Eli  pia- 
netae  lentiformes,  vel  propter  diftantiam,  a  nobis  nunquam  confpice-  andDifappear 
rentur,  vel  quia  in  plano  Eclipticas  verfarentur,  aut  in  plano  pa-  ance  ofjbme " 
rum  ad  Eclipticam  incfinato,  cui  plano  illorum  axis  revolutionis  'fixed  Stars,  by 
effet  redtus,  aut  fere  redtus  *,  nam  in  hoc  fitu  e  terra  confpici  nequirent.  ■^'’■Pet.Lewis 

Cur  etiam  talis  formarum  varietas  inter  fixas  locum  non  habe- ^isM^uc>per' 
ret  ?  Praefertim  cum  illas  circa  axem  gyrari,  folis  inftar  noftri,  fit 
admodum  verifimile..  Forfitan  fixas  lentiformes  in  coelis  dantur. 

Forfitan  planetis  admodum  excentricis  vel  cometis  cinguntur,  qui 
cum  in  plano  aequatoris  fixas  non  verfentur,  quando  ad  perihelium 
accedunt,  diredtionem  axis  ftellas  turbant  •,  &  tunc  qus  nobis  prop¬ 
ter  fitum  non  apparet,  apparebat  ftella,  vel  quas  apparebat  non 
apparet.  Et  fic  ratio  redderetur  cur  qucedam  ft  elice  -per  vices  accendi  C? 
extingui  videntur. 

Sed  fi  in  quovis  fyftemate  cometa  aliquis  caudam  trahens,  fertur 
in  viciniam  alicujus  potentis  planetae,  quid  eventurum  ?  Materia  quas 
a  corpore  cometas  effluit,  circa  planetam  trahetur  •,  &  cometa  novam 
materiam  effundente,  vel  fuffi ciente  materiae  jam  effufae  copia,  orie¬ 
tur  fluxus  circa  planetam  continuus :  Et  quamvis  columna?  fluenti  vel 
cylindrica,  vel  conica,  vel  quaslibet  alia  forma  primum  fuerit,  vis 
ejus  centrifuga  cum  gravitatibus  tum  a  planeta  tum  a  materia  fluenti 
ortis,  femper  eam  latiorem  &  tenuiorem  reddet  *,  &  columna  htec 
curvata  ad  aliquam  e  formis  fupra  definitis  in  Probi.  2Q  *  accedet.  Et 
fic  omnium  natur  ce  phcenomenorum  maxime  jl  utendi ,  Saturni  annuli  ra¬ 
tio  redderetur. 

Interea  dum  cometas  cauda  talem  planetas  annulum  daret,  corpus 
ipfurn  cometas  forfan  etiam  traheretur  fi  in  diftantia  debita  efiet,  &c 
novus  planetas  fatelles  fieret.  Sic  forfan  plures  cometas  fate! litibus 
&  anniflo  Saturnum  ditarunt:,  nam  annulum  Saturni  unius  cometas 
effluvio  tribuendum  non  videtur,  cum  umbram  in  Saturni  difcum  pro¬ 
jiciat  dum  materia  tamen  caudarum  cometarum  adeo  iit  rara  ut  trans 
illam  lucentes  ftella?  videri  queant.  Annulus  ergo  Saturni  ex  plurium 
cometarum  caudis  conflare  videtur ,  &  quarum  materia  propter  attrac¬ 
tionem  Saturni  denfior  fafta  eft .  Patet 

*  Vide  auttoris  differ  tationem  in  capite  fepente > 
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Patet  planetam  fateliites,  nec  tamen  annulum  acquirere  pofle; 
nam  non  omnes  cometre  caudam  habent :  Et  fi  cometa  cauda  carens 
trahatur,  planetas  fatellitem  line  annulo  dabit. 

Summus  Newton  ftatuit  vapores  cometarum  in  planetas  fpargi : 
'imo  etiam  hanc  communicationem  necefifariam  duxit,  ut  quidquid  li¬ 
quoris  confumitur,  reparetur.  Viri  illuftriflimi  D.  D.  Halley  & 
Whifcon,  cometas  &  cometarum  caudas  planetis  infeftas  mutationes, 
ut  polorum  variationem,  diluvia,  &  incendia  inferre  pofle  credide¬ 
runt  •,  fed  cometas  benigniores  effectus  producere  poflfunt,  &  etiam 
planetis  aliquando  res  miras  &  utiles  dare. 


1/25- 


XXXIII. 

An  Observati¬ 
on  of  Jupiter 
at  Southwick 
in  Northamp- 
tonfhire,  by 
G.  Lynn  ,Efq; 
N°.  393  .p. 

67* 


XXXIV. 

l  ]  Eclipfes  of 
Jupiter’/  firjl 
Satellite  ob- 
ferved  at  Har¬ 
vard  College 
in  New  Engl. 
communicated 
by  the  Reve¬ 
rend  Dr,  Der- 
ham.  N°  423. 
P'  2JO. 


1725  Dec.  17th  at  8h  o'  00"  apparent  Time  Jupiter  preceded  <p  A- 
quarii  and  an  half  of  right  Afcenfion,  in  time,  and  de¬ 
clined  from  it  South ,  iT  45//.  This  Obfervation  (with 
the  reft  at  Southwick )  was  made  with  a  thirteen  Foot  Tele- 
fcope,  whofe  aperture  was  2.  4  Inches,  and  Charge  2.  5 
Inches. 


171ft- 

H.  '  " 

At  10  48  17  Feb .  13.  1777*  Mr.  Robie  obferved  an  Immer- 

fion  of  the  fir  ft  Satellite  of  Jupiter. 

At  10  7  30  Feb.  8th.  I  obferved  an  Emerfion  according  to 

which  the  difference  of  Longitude  between 
Harvard  College  and  Upminjler  is  4h  45/;. 


17Is- 

At  10  45  35  Mar.  10th.  1 7 1  f .  Mr.  Robie  obferved  an  E« 

merfion  of  the  firft  Circumjovial. 


I7If  • 


At  10  35  00  P.  M.  Jan.  13th.  1 7 1  f •  the  firft  Circumjovial 

immerged. 


/ 
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Obfervations  of  the  Eclipfes  of  Jupiter’;  Satellites,  from  1 700,  to  the 
Year  1727.  By  the  Reverend  W.  Derham,  M.  A ,  Canon  of  Windfor. 
and  F.  R.  S. 
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Eclipjes  Primi  Satellitis . 


I.  Sat. 

Tempus 

Tempus 

Per  Tab. 

Qua- 

Locus 

Dies 

aequale. 

apparens. 

Flamfl.  & 

lis  E- 

fovis 

Menfis.- 

1 

1 

Oalfini. 

clipfis. 

Helioc.  ! 

|  H.  M.  S. 

|  H.  M.  S. 

Min.  See. 

1 

|  Grad. 

1 

Anno  Domini  1700. 

Aug.  13 

10.  59.  4 

10.  57.  10 

59  FI. 

Em. 

zz  15 

Telefcopio  6  pedali. 

Dec.  i 

— 

J  r  '■  8 

£—  '•  38 

4h*  55  2^" 
4.  58  FI. 

E. 

ZZ  10 

Telefcopio  16  pedali. 

.  ■» 

Omnes  fequentes  Eclip- 

fes  Tubo  16  pedali  obfer- 
vatae  fuere,  nifi  cum  aliter 

notatur. 

* 

Anno  Domini  1701. 

Jun.  15 

—  —  — 

^  13.  23.  0 

i—  24.  50 

1 3.  3®*  0 

13.  21  Fi. 
13.  26  C. 
13.  28  FI. 

Im. 

I. 

AAV  7*7 

/VW  ^  j 

Jul.  8, 

—  , —  — 

13.  34  C. 

20 
/wv  ^  W 

5-  54-  9 

Oft.  12. 

tmmm  mmmm  mmm 

<  —  54-  19 
C  —  54-  49 

5.  59  c. 

E. 

H  8 

Bona  Obfervatio. 

- 19. 

—  *—  — 

5  7 •  48*  57 

C  —  49-  47 

7.  55  C. 

E. 

X  9 

Bona. 

Dec.  20. 

■—  —  — 

6.  25.  0 

6.  28  FI. 

E. 

X  14 

Dubia. 

Anno  Domini  1702. 

Oft.  15 

—  —  — 

C  9.  22.  0 

^  —  22.  15 
£  —  22.  45 

9.  23  FI. 

9.  26  C. 

E. 

r  ni 

Optima. 

—  24 

—  — .  . — 

C  5-  44-  57 
<  —  45  21 
C  ~  45'  42 

5.  47  FI. 

5.  50  C. 

E. 

r  12 

Optima. 

Dec.  9 

5.  59.  0 

6.  5  FI. 

E. 

r  i6t 

Aer  nebulofus. 

Eel.  of  Jap. 
Satelli.  from 
1 700  to  1 727 
N°  402. 

P-  4 1 5* 
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Eel  ip f es  cf  jupiterb  Satellites. 


I.  Sat. 
Dies 
Menfh. 

Tempus  I  Tempus 
aequale.  apparens. 

Per  Tab. 
Flamft.  & 
Cafiini. 

Eclip* 

lis 

qualis. 

Locus 

Jovis. 

/ 

! 

H.  M.  S.  |  H.  M.  S. 

H.  Min. 

1 

Grad.  | 

Aug.  8 
- 24 

Sept.  2 

Nov.  28 


5-  37-  40 


AnnoDomini  1703. 


i  5.  21.  30 

5  *3-  43-  6 
d  —  43-  33 
10.  8.  20 

<•  44-  32 


15.  18  F. 
>3-  33  F- 
13.  45  C. 
10.  4  F. 
q.  43.  F. 


Dubia  ob  Nebulas. 
Bona. 

Nebulofum  Ccelum. 
Non  mala. 


Aug.  26 
—  28 

Sept.  4 

oa.  6 

Nov.  3 
Dec.  9 

— -  —  23 


17-  7-  43 
1 1.  36.  16 

13.  29.  14 

10.  2.  40 

17.  39-  54 

-  9-  H-  43 


AnnoDomini  1704. 


17.  9.  53  {17.  8  F 

$"• 

d  —  39-  3 
5 

25 

10.  16.  40 

—  17.  10 

i7-  54-  55 
c.  31.  00 
9.  9.  17 


38.  18 
39- 

3  i3-  33- 
d  —  34- 


11.  37  F. 

13.  23.  F. 

10.  13  F. 
1 7.  48  F. 

9.  10  C. 


I. 

I. 

I. 

I. 

I. 

E. 

E. 


n  12J: 

n  13 

n 

n  1 6 

n  i8i 
n  2ii 
n  23 


Nimia  lux,  fed  non  mala. 
Bona. 

Bona. 

Nebulofa,  fed  non  mala. 

Nebulofum. 

Dubia. 

Bona. 


Mart.  2 


25 


Sept.  7 
Odi.  30 

i. 

Nov.  22 
Dec.  1 5 


Anno  Domini  1705 


19.  13.  20.19 


9.  47  F. 

E. 

n  29 

0 

6 
>— « 

E.  , 

$  ob 

16.  52  F. 

I. 

► 

So  1 5 

19.  10  c. 

I. 

So  19 

I. 

So  21 

19.  11  F. 

I. 

$  22^ 
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Feb.  5 

S'  17-  35*  32 
i—  37-'  4 

Arino  Domini  1709. 

'  '7-  2I’  °|,7.  26' 

-  22.  Oj  , 

I.  \ 

s 

> 

A  2lf 

/ 

Jul.  14 

_  __ 

Anno  Domini  17 1 1. 

E. 

/W#  " 

*  .  • 

Dubia. 

9.  45.  0  ]  9.  41 

Sept.  16 

061.  29 

Anno  Domini  1712. 

*  / 

I.  y 

e.  \ 

i. 

/4 

AAV  j  *  J. 

«w  I  l  2 

Dubia  ob  nimiam  lucem. 

Bona. 

Bona.  . 

*  6.  15.  0 

\ —  20.  0 

S  9*  5°*  3 
/—  52.  0 

^ —  S2’  3° 
S’  6.  26.  30 

i—  28.  0 

28 

^10.  5 

6-  45 

Dec.  26 

6.  38.  30 

Anno  Domini  171-3. 

E. 

K  19I 

Ventus  dubiam  reddidit. 

6.  32.  0  |  6.  46 

Sep.  1 7 

061.  23 

J  8.  26.  56' 
i —  28.  56 
C  7.  22.  0 

<—23*  0 

c- —  25.  0 

Anno  Domini  1714. 

1 

E. 

r  i3i 

r  17 

( 

Bona, Tubo  34  pedali. 

Bona,  Tubo  16  pedali. 

8.  36.  9 

—  3»-  9 

7.  24.  0 

—  25.  0. 

—  27.  0 

8.  40 

7-  38 

Dec.  5 

—  —  —  . 

Anno  Domini  1716. 

E. 

—  — 

C  Hic  Satelles  magnam 
)  habet  Latitudinem,  & 
j  ni  fallor,  nullam  pafla. 

I  £eftEclipfin  hacnodle. 

—  —  — 

7-  37 

i 

H  h 


III.  Sac. 


v 
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III.  Sat. 

Dies 

Menfis. 

Tempus 

1 

aequale. 

Tempus 

apparens. 

Calculatio 

Flamftee- 

dii. 

Qualis 

Eclip- 

fis. 

Locus 

Jovis 

Helioc. 

J  H.  M.  S.  |  H.  M.  S.  I  H.  M.  |  Grad. 

Jnn.  17 

| 

Anno  Domini  1717. 
r  5.  52.  23  J 

f  8.  48.  38  j 

I. 

E. 

So  0 

Bona. 

Mala. 

Jan.  5 

Dec.  15 

^  6.  41.  10 

1—  42-  3° 
5  7-  1 3-  29 
d  —  H-  42 

Anno  Dom 

6.  30.  40 

*—32.  0 

7.  12.  17 
—  i3-  3° 

ini  1726. 

^  7.  21  M. 

E. 

E. 

X  z;i 

r  tsi 

S’ Bona,  Telefcop.  12^ 
d  pedali. 

Bona. 

Obfervationes  Eclipjium  Quarti  Satellitis . 

Jun.  ii 
Sep.  3 

— ■  —  — 

Anno  Domini  1701. 

14.  20.  0  1 14.  35 

13.  59.  O  1  1 4-  21 

I. 

E. 

AAV  y  *7 

/VW  **  / 

X  45 

Immerfum  inveni. 

Idem  per  nebulas. 

Sep.  30 

Dec.  6 

—  — ■  — 

Anno  Dom 

9.  21.  42 

9.  52.  44 

.ini  1704. 

9.  40 

E. 

E. 

n  i  sj 

n  21^ 

Nebulofum,  ideo  dubia. 
C  Dubia  ob  proximita- 
tem  Jovis,  &  par- 
1 \  vitatem  Satel. 

Feb.  1 1 

8.  38.  5 

Anno  Domini  1705. 

8.  24.  8  |  8.  23 

L 

n  27 

I  Non  mala. 

Mar*  20 
Sep.  20 

9.  3.  2 

Anno  Dom 

8.  58.  40 
16.  24.  0 

ini  1706. 

9.  36 

16.  1 7 

I. 

I. 

<si  oj 

15 

Non  mala. 

Immerfum  inveni. 

Aug.  20 

Sept.  «6 

Inter. 

Anno  Dom 

J  8.  29.  0 

d  —  39-  0 
e  7.  43.  0 
J  —  44.  0 

C—  45.  0 

ini  1712. 

10.  n 

9.  20 

I. 

E. 

AAV  f- 

AW  J 

AAV  /7 

/YW  / 

Bona. 

Remarks 
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Remarks  on  the  foregoing  Tables. 

As  exa<ft  Tables  to  calculate  the  Eclipfes  of  the  Circumjovials , 
would  be  of  very  great  Service  to  find  the  Longitude  of  Places  ;  fo  I 
have  fome  Hopes  that  thefe  Obfervations  of  fome  of  them,  in  more 
Revolutions  than  one  of  Jupiter  in  his  Orb,  may  be  of  Ufe  to  cor¬ 
rect,  or  make  fuch  Tables. 

The  greateft  Chafms  in  them  were  caufed  by  fome  dangerous  Fits 
of  Sicknefs,  which  fo  impaired  me,  that  I  have  not  dared,  everfince, 
to  venture  upon  Obfervations  at  unfeafonable  Hours  of  the  Night. 

As  to  my  Manner  of  obferving,  it  was  for  the  mod  Part  with  a 
1 6  Foot  Telefcope,  and  afterwards  with  an  excellent  one  not  inferior 
to  it,  of  i2-§  Feet,  that,  at  Jupiter* s  Light,  bears  an  Aperture  of  2^ 
Inches,  and  a  Charge  of  about  2  Inches. 

And  as  to  the  Lime  ;  I  made  ufe  of  an  excellent  and  well-adj ufted 
Clock ,  corrected  at  Noon,  by  the  Meridional  Tranfitsof  the  Sun, 
obferved  with  the  Inftrument  defcribed  in  the  Philof  LranfaEl.  N° 
291,  which  fhews  the  Noon-  time  to  one  or  two  Seconds.  This  Way 
fome  of  my  Ikilful  Friends  fufpedled  to  be  fallacious,  and  not  com¬ 
parable  to  taking  the  Time  by  Altitudes  of  the  Sun,  or  fix’d  Stars. 
For  a  Trial  therefore,  we  obferved  fome  Eclipfes  that  were  agreed 
on  ;  which  when  compared,  we  found  fo  nicely  to  agree,  as  to  fhew 
to  a  Second  of  Time,  or  very  nearly  fo,  the  Difference  of  the 
Meridian  of  the  Obfervatory ,  and  that  of  Upminfter . 

The  greateft  Part  of  the  Eclipfes,  that  were  the  moil  accurately 
made,  may  eafily  be  diftinguifhed  by  the  two,  or  more  Numbers  of 
the  Time  of  Obfervation:  The  fir  ft  of  which  fhews  the  Moment  of 
the  Beginning  of  the  Eclipfe  ;  the  following,  the  Times  when  far¬ 
ther  advanced :  As  in  an  Emerfion,  the  firft  Number  fhews  the  Time, 
when  the  Satellite  appears  like  a  fmall  obfcure  Spot ;  the  following 
Numbers,  when  brighter,  or  quite  emerged  out  of  Jupiter's  Shadow  \ 
and  fo  contrariwife  in  an  Immerfion. 

For  greater  Certainty  and  Satisfadlion,  I  have  noted  which  Obfer¬ 
vations  were  good,  which  doubtful,  or  bad  :  Even  the  latter  of  which 
may  be  of  Ufe  in  fome  Cafes,  where  better  are  wanting. 

The  calculated  Times  of  the  Eclipfes  I  have  inferted,  where  I  had 
them  from  others,  or  could  calculate  them  my  felf,  as  being  of 
good  Ufe  to  amend  the  Tables  of  Mr.  Flamfleed ,  Cajfini ,  or  others, 
taken  Notice  of  in  the  Column  on  Purpofe.  And  for  the  fame  Rea- 
fon  I  thought  good  to  add  the  Place  of  Jupiter  alfo. 

And  laftly,  I  mention  the  Length  and  Power  of  the  Telefcope  I 
ufed  *,  becaufe  Obfervations  may  differ  feveral  Seconds,  by  the  diffe-  1 
rent  Length  and  Goodnefs  of  the  Telefcope  ufed ;  a  long  and  good 
Telefcope  fhewing  the  Satellite,  when  the  Shadow  of  Jupiter  doth 
but  juft  touch  it :  Whereas  a  fhort,  or  bad  one,  doth  not  ftiew  it, 

H  h  2  until 


3]  Filip fes  of 
jupiter’j  Sa¬ 
tellites,  from 
3721  to  1729, 
by  Sign.  Bi- 
anchini  and 
others.  N 9 

40 7-A  3 S' 
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until  one  Half,  or  more,  of  the  Satellite  is  enlightened.  Which 
Difference  is  moft  remarkable  in  the  Eclipfes  of  the  two  outer- 
moft  Satellites,  in  their  greateft  Latitudes ;  at  which  Times  they  go 
into,  and  come  out  of  Jupiter" s  Shadow,  in  an  oblique  and  longer, 
not  a  dir  eft  and  ftiorter  Path:  An  Inftance  of  which  may  be  feen  in 
the  Obfervations  of  the  Eclipfes  of  the  Third  Satellite  in  the  Months 
of  Auguft  and  September ,  1703. 


Days  of  the 
Month. 

Time  of  Obfer 
vation. 

Satel. 

Eclip 

Place  where 
obferved. 

Apr.  3 

Jun.  21 

Anno  Dom.  1721. 

At  Rome. 

Rome. 

H.  '  " 

D  4  32 

8  46  0 

In.  1 

Em.  1 

Jun.  9 

- 18 

Jul.  1 1 

Aug.  19 

Anno  Dom.  1722. 

Rome. 

At  Albano. 
Rome. 

Rome. 

Rome. 

1 3  20  0 
q  36  30 

9  49  10 

8  7  30 

8  26  20 

E.  1 
E.  1 
E.  1 
E.  1 
E.  1 

Days  ot  the 

Time  ot  Obier 

Satel. 

Flace  where 

Month. 

vation. 

Eclip. 

obferved. 

AnnoDom.  1723 


Mar. 

26 

17 

14 

5° 

I. 

1 

Apr. 

1 1 

»5 

3i 

45 

I. 

1 

May 

3 

Vs 

48 

5Il 

I 

1 

" 

43 

0  s 

n  .  , 

27 

18 

56 

0 

I. 

1 

Jun. 

5 

1 2 

16 

30 

I. 

1 

• —  ■ — 

12 

H 

1 1 

39 

I. 

1 

Jul. 

23 

{? 

1 1 
46 

fsAo 

O  O 
rh 

E. 

1 

—  — . 

3° 

1 1 

7 

20 

E. 

1 

Aug. 

8 

7 

S2 

O 

E. 

1 

—  — 

J5 

9 

35 

0 

E. 

1 

Sep. 

7 

I! 

50 

21 

45? 

4  8J 

E. 

1 

—  — 

23 

8 

l7 

54 

E. 

1 

oa. 

16 

8 

36 

10 

E. 

1 

Rome. 

Rome. 

Rome. 

At  Inge  If  ad 
by  F  .Gram¬ 
matici. 
Ro?ne. 

Rome. 

Rome. 

Rome . 
Lisbon,  by 
F.  Carbone. 
Rome. 

At  Ocricoli 
in  Via  Fla¬ 
minia. 

At  AJJtfi  in 
Ombria. 
Urbino. 
Lisbon. 

At  Muceria 
in  Ombria. 
At  Albano 
in  the  Via 
Appia. 


Jan. 


Aug. 


Sep. 


Oft. 


Nov. 


Dec. 


Tun. 

July 


8 

D 

23 

3° 

10 


17 

26 

1 1 

18 

25 

1 1 


- 14 


27 

1 2 

*9 

30 


Anno  Dom.  1724. 


H. 

S  H 

1 3 
5 
4 

10 


// 


5: 


3 

56 

42 

34 

8 

45 


28 
2 

5° 

29 

55 

20 


8 


7 

9 


12  40  45 

9  6  45 

30  53 
28  16 

25 

59 
53 

3 1 
7 
9 


L 

9 

5 9 


55 

2 

8 

o 


1} 


Carbone  at  *7 
Lisbon.  M.  1 
Rome.  3 
Rome. 


8 


816  o 

5  33  10 
8  25  5 

6140 


5  6  42  2$ 


I. 

E. 

E. 

E. 

E. 

E. 

E. 

E. 

E. 

I. 

E. 

E. 

E. 

I. 


E.  1 


Lisbon. 

Rome ,  but 
doubtful. 
Rome. 

Rome. 

Rome. 

Rome. 

Rome . 
Lisbon. 
Albano. 
From  the 
Limb  of  . 
into  %  Sha¬ 
dow.  Albano. 
Albano. 
Rome. 

Rome. 

At  Pekin  in 
Chinay  by 
F.  Koegler 
the  fefuit. 

Rome. 


19 

5 

7 


—  —  21 


—  —  28 


Anno  Dom.  1 725. 


l5 

17  10 

I. 

1 

!3 

32  20 

I. 

1 

H 

55  3o 

I. 

1 

V' 

45  22? 

I. 

i 

1  10 

39  35  j 

J  *3 

39  io7 

I. 

1 12 

12  265* 

i 

Rome. 

Albano. 

Pekin. 

Rome. 

Mr.  Molyneux 
near  London. 
Rome. 
Lisbon. 


Days 
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Days  of  the  j 
Month.  1 

TimeofObfer- 

vation. 

Sate!,  j 

Eclip.  I 

Place  where 

obferved. 

Days  of  che 

Month. 

Time  of  Obier- 

vation. 

Satel. 

Eclip. 

Place  where 
obferved. 

Nov.  1 5 

• - H 

Dec.  17 

h;  '  " 

S  9  53  5°? 

i  8  24  5°s 

6  15  15 

6  20  30 

E.  1 

E.  1 
£.  1 

Rome. 

Lisbon. 

Rome. 

Rome. 

Jan.  15 

Feb.  16 

Mar.  26 

AnnoDom.  172b. 

Rome. 

Rome. 

Rome. 

13  13  46 

9  46  56 

8  32  7 

E.  1 
E.  1 
E.  1 

|  Anno  Dorn.  1726. 


Jul. 

Aug. 


Aug. 


Sept. 


oa. 

Nov. 


Dec. 


Rome . 
lngolflad. 

L  ’ sbon . 

St.  EfuirUo 
inTufcany. 
lngolflad. 
Siena  in 
Tufcany. 

L  is  bon. 
Florence. 
Lisbon. 
Bologne. 
Bian.l  At 
Man,  j  Bob 
Ingoljlaa. 
Paris . 
Lisbon. 

St  .Quirieo. 

lngolflad. 

Paris. 

St  .Quirt  co. 

Rome. 

Lisbon. 

Rome. 

Rome. 

Bologne. 

Paris. 


Anno  Dorn. 

1727. 

Mar.  8 

6  42  50 

E.  1 

Rome. 

C  15  18  27 

I.  1 

Rome. 

Aug.  5 

<  ‘5  0  8? 

I.  1 

Rome. 

£  14  21  123 

Paris. 

r  12  0  of) 

Rome ■ 

Sept.  6 

<  11  55  15  > 

I.  1 

Bologne 

C  11  '9  43  3 

Paris. 

Oft.  1 5 

10  41  30 

I.  1 

Albano. 

—  —  20 

6  5  54 

r.  1 

Alt  a  10. 

—  22 

12  33  23 

i.  1 

Albino. 

*  Obfervations  made  at  the  Oblervatory  of  Bo - 
logne,  by  Signor  Euflachius-Manfrebi. 


Anno  JDom.  172O. 


Dubious. 
Dubious. 
Dubious. 
Dubious. 
Dubious. 
The  third 
began  to 
emerge. 


xxx  nr. 

4]  Eclipfes 
from  1726,  to 
1727.  obferved 
at  Bologne,  by 
Euft.  Man- 
fredi.  N° 
407.  p.  36. 


Dubious. 
Air  thick. 


1 1 

1 

9 

I. 

3 

9 

5 

*5 

I. 

2 

8 

44 

13 

E. 

2 

Anno  Dom. 

172 

8. 

8 

41 

8 

E 

3 

? 

43 

1 1 

E. 

1 

s 6 

40 

45 

1-  1 

b 

l  8 

5° 

40 

E. 

Dubious. 

Dubious. 


Dubious. 


*  The  Obfervations  of  Sig.  Bianchini  were  made  with  a  Telefcope  of  Campani's  grinding,  of  23 
^  Roman  Palms;  thole  of  F.  Carbone  by  another  of  the  fame  Make,  Length  and  Goodnels.  The 
Obfervations  at  Paris  were  made  by  Monf.  Maraldi.  They  were  all  communicated  by  Sir  Thomas 
Dereham  at  Florence ,  put  in  this  View  by  the  Reverend  Dr. Dereham,  who  fuppofes  there  is  a  miftakc 
in  the  Obfervations  ol  Nov.  30.  1724-  that  it  was  an  Emerfion,  not  an  Immerlion. 


1723. 
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5]  Edipfes  of 
the  fir  ft  Sa¬ 
tellite  ,  at 
Lisbon,  by  F. 
Carbone. 

N«  385.  p. 
185.  N.  S. 


6]  At  Rome, 
Albano,  &c. 
by  Sig.  Bian- 
chini.  NQ 
396-  />.  1 76. 


Fig,  106. 


Fig.  107. 
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i723- 


Emerfiones. 

Die  23.  Julii 
Die  7  Septemb. 

1724. 

Immerfiones. 

Die  8  Jun.  mane 
Die  15 


H. 

7 

8 


2 

3 


// 


47  00 

2 1  48 


03  28 

56  27 


Die  30 

Emerfiones . 

Die  2  Sept. 

Die  9 
Die  25 
Die  4  Odtob. 
Die  18 

Die  3  Novemb. 


H. 

tt 

2 

08 

51 

9 

36 

57 

1 1 

34 

26 

9 

59 

2 1 

6 

26 

44 

10 

21 

2C 

8 

42 

3C 

Praec.  Obfer.  habitae  funt  Telefcopio  Palm.  Rom.  30.  Jof.  Campani. 


T.  V.  poft 
Med.  No  51. 


H.  M.  S. 

2  48  30 

3  o  30 

3  26  20 

3  27  10 

i  39  o 
1  40  20 

i  41  5° 

i  42  50 


3  24  29 


1 7  2  4 * 

8  Jun.  In  Caftro  Vifcardi,  fupra  Vulfinium  in  eo¬ 
dem  fere  Meridiano  cum  Vulfiniis  (vulgo 
Bolfena )  Satelles  fecundus  B  ex  umbra  Jovis 
emerferat,  &  ita  configuratus  vifebatur  cum 
casteris.  Fig.  10 6. 

Satelles  tertius  C  fubit  limbum  Jovis  e 
diredto  fafciae  mediae. 

Satellitis  intimi  A  incipit  lumen  imminui. 

Totalis  ejufdem  immerfio,  reliquis  Satel¬ 
litibus  B,D,  &fafciis  perfpicue  apparentibus. 

24  Jun.  Romce^ obfervata  eft  tum  immerfio  fecundi 

Satellitis,  tum  primi,  ita  configuratis  Jovia¬ 
libus.  Fig.  107. 

Satellitis  fecundi  B  incipit  lumen  debilitari. 

Omnimoda  ejufdem  immerfio. 

Etiam  Satellitis  primi  A  lumen  imminui 
jam  incipit. 

Lux  ejufdem  omnino  difparet,  caeterorum 
lumine,  &  fafciarum  adfpedtu  nitidiflime 
perfeverante. 

Kal.  Jul.  Ulucefcente  Aurora,  Romce  immerfio  to¬ 
talis  intimi  Satellitis  Jovis  clariflime  fpedtata 
eft  *,  cum  ante  minuta  fecunda  horaria  55^ 
circiter,  lumen  ejufdem  coeperit  debilitari, 
caeteris  Satellitibus  &  fafciis  perfpicue  appa¬ 
rentibus,  coelo  clarifllmo. 

18  Aug, 
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H. 

M. 

S . 

0 

40 

45 

0 

41 

25 

1 1 

25 

55 

1 1 

27 

5 

9 

53 

8 

1 8  Aug.  Roma;,  intimus  Jovis  Satelles  ex  umbra 
coepic  emergere,  &  pleniflime  lucebat  in  A, 
inter  limbum  Jovis,  &  fecundum  Satellitem 
B,  qui  a  limbo  Jovis  diftabat  femidiametro 
circiter  Jovialis  difcj.  Satelles  A  emerfit 
ab  umbra  inter  duas  fafcias  corporis  Jovialis 
inferiores,  fitu  everfo  in  Telefcopio. 

Obfervatio  fuit  clariftima  &  diligentifiima, 
coelo  clarifiimo. 

23  Sepi.  Roma,  intimi  Jovis  Satellitis  initium  E- 
merfionis. 

Totalis  recuperatio  luminis. 

11  Off.  Albani ,  ejufdem  intimi  Satellitis  initium 

Emerfionis. 


Tempus 

Verum. 

H. 

M. 

S . 

6 

9 

0  p.  m. 

Nov. 

5* 

6 

44 

0  Vefp, 

20. 

6 

H 

0  Vefp. 

Dec. 

3  °* 

6 

19 

0  Vefp. 

23* 

2 

2 

29 

55 

0 

3° 

Jun. 

J-ulij 

23* 

9- 

1 1 

27 

0 

Aug. 

9- 

1 1 

45 

0 

31* 

6 

5i 

30  Vefp. 

Sept. 

19. 

10 

45 

Vefp. 

Obt. 

2. 

12 

42 

Mane. 

10. 

7 

9 

Vefp. 

11. 

6 

46 

Vefp. 

i5* 

7 

4 

10 

20 

9 

9 

Vefp. 

i9* 

9 

6 

Vefp. 

20. 

1 1 

6 

Vefp. 

25« 

1 1 

45 

30  Vefp 

Nov. 

27* 

7 

2  7 

40  Vefp. 

3- 

5 

42 

30  Vefp 

19. 

6 

26 

30  V efp. 

20. 

i724- 

Satelles  3US-  immerfus  eft  in  X  umbram. 
Satelles  2US-  prodiit  ex  umbra  X . 

Sat.  ius*  ex  X  umbram  emerfit. 
Emerfio  Satell.  1.  ex  umbra  %, 

1725. 

Satelles  3.  fubiit  Jovis  Umbram. 

Sat.  ius-  in  X  Umbr. 

Imm.  Satell.  1.  in  X  Umbr. 

Satell.  1  &  2US*  X  in  proxima  pene  in 
unum  coalefcebant.  Non  potuit  difcerni 
quifnam  prior  Jovis  umbr.  fubingrefliisfit. 
Emerf.  Sat.  1.  ex  X  Umbra. 

Emerf.  Sat.  1  ex  X  Umbra. 

Idem  Satell.  1  emerfit. 

Ejufdem  Emerfio. 

Satell.  3US-  prodiit  a  tergo  Jovis. 

Dein  difparuit  in  Umbr.  X. 

Tandem  ex  eadem  Umbra  emerfit» 
Satellitis  1.  Emerfio. 

Satel.  2 us- emerfit  ex  X  Umbra. 

Emerf.  1.  Sat.  ex  X  Umbra. 

Emerf.  2.  Satell.  ex  Umbra  %. 

Emerf.  1 .  Satellitis. 

Ejufdem  Sat.  1.  emerfio. 

Sat.  '>us*  coepit  emerere  ex  X  Umbr. 


Fig,  108. 


7]  Eclipfe  of 
Jup.  Satell. 
at  Pekin  in 
1724,  and 
N°  405.  p. 
553- 


172  4» 


1 


8]  E dip] es  of 
Sat.  Jupit.  in 
1724,  1725» 
1726  at 
Southwick  in 
Northamp- 
tonfhire,  by 
G  Lynn, 

Efq\  N°  393. 

p .  66. 


Eclipfes  of  JupiterV  Satellites . 


Novmb .  8  th,  7h  37  7 
The  fame  Day  at 
to  immerge. 


it 


emerge 


1724. 

the  firft  Satellite  of  Jupiter  began  to 
6h  24'  2o//,  The  third  Satellite  began 

1725. 

July  31ft,  ioh  43'  20".  The  third  Satellite  immerged,  that  is 
I  quite  loft  Sight  of  it,  at  a  little  above  a  Semidiameter  from  Ju¬ 
piter,  but  it  began  fenfibly  to  abate  of  its  Light  above  three  Minutes 
before. 

Auguft  9th,  iih  51'  2o/;.  I  loft  Sight  of  the  fecond  Satellite*,  but 
it  began  fenfibly  to  abate  of  its  Light,  about  two  Minutes  before. 

Auguft  1 8th,  9h  25'  5o//.  The  firft  Satellite  immerged  very 
near  Jupiter's  Body. 

The  fame  Night,  both  my  felf  and  Son  plainly  faw  the  Shadow 
of  the  third  Satellite  pafs  over  Jupiter's  Body,  like  a  fmall  black 
Patch,  tracing  along  the  Middle  of  his  bright  Belt,  above  the  moft 
Southern  Black  one,  and  was  in  his  Axis,  as  near  as  I  could  guefs 
by  the  Eye,  at  ioh  25,  or  30'. 

jV.  B.  We  could  fee  it  for  about  the  middle  Half  of  its  Track, 
but  not  near  Jupiter's  Edges. 

Ottob.  1  ith,  6h  3 1'  45/;.  The  third  Satellite  began  to  emerge,  and 
was  full  three  Minutes  and  a  half,  before  it  was  at  its  greateft  Luftre, 
which  I  could  then  well  judge  of,  by  comparing  it  with  the  firft  Sa¬ 
tellite,  which  was  juft  a  little  above  it,  but  nearer  Jupiter.  It  came 
out  of  the  Shadow,  about  half  a  Diameter  from  Jupiter's  Edge. 

Decemb.  26th,  5h  51'  1211.  The  fecond  Satellite  began  to  e- 
merge. 

1727. 

Jam .  5th,  6h  28'  3o/;.  The  third  Satellite  began  to  emerge. 

Thefe  Obfervations  were  made  with  a  thirteen  Foot  Telefcope 
whofe  Aperture  was  2.4  Inches,  and  charged  2.5  Inches,  all  by  ap¬ 
parent  Time. 


9]  Eclipfes  of 
tbe  firjl  Sa¬ 
tellite  of 

’Temp.  Ver. 

H.  M.  S. 

Jup.  1725, 
1726.  by  F. 
Carbone  at 

12  12  26 

Jul.  28 

Lisbon. 

12  11  35 

394-  P-  90- 

15  0  10 

Sep.  12 

.  l725-  . 

Immergi  vifus  eft  intimus  Satelles,  in  um¬ 
bram  Jovis  veram. 

Coeperat  vero  debilitari  lumen. 

Emerfit  ab  umbra  vera  Jovis,  coelo  fatis 
fereno  ;  verum  ob  Jovis  cum  Sole  oppofiti- 
onem,  quas  feptem  ante  diebus  contigerat, 
adeo  Planetas  difeo  proximus  erat  Satelles, 
ut  ab  ejus  nimia  claritate  offufeari  aliquan¬ 
tulum  potuerit  in  primo  fui  ab  umbra 

egreffu  s 
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H. 

M. 

S. 

• 

9 

28 

7 

Sep. 

14. 

9 

29 

0 

1 1 

24 

55 

21. 

1 1 

26 

0 

8 

1 1 

10 

Oft. 

23- 

8 

12 

10 

6 

3° 

4 

Nov 

.8. 

8 

24 

50 

i5* 

8 

25 

50 

8 

32 

40 

Dec. 

8. 

8 

33 

30 

• 

4 

58 

50 

Jan. 

9 

6 

5* 

# 

10 

16 

6 

52 

15 

egreftii  •,  ac  proinde  dubitari  poteft  de  aliquot 
fecundis. 

Coepit  ab  umbra  emergere. 

Integrum  verb  lumen  recuperavit. 

Initium  Emerfionis  ab  umbra  vera. 

Totalis  recuperatio  luminis. 

Initium  Emerfionis. 

Totalis  recuperatio  luminis. 

Vifus  eft  Satelles  clarefcere  in  penumbra, 
cum  aliqua  tamen,  incertitudine,  quoad  pauca 
fecunda,  de  vero  initio  emerfionis,  ob  aeris  a 
vento  trepidationem. 

Diftinfte  obfervatum  eft  initium  Emer¬ 
fionis. 

Recuperatio  integra  luminis. 

Initium  Emerfionis. 

Totalis  luminis  recuperatio. 


1726. 

Primo  clarefcere  vifus  eft,  fed  luce  tenu- 
iftima,  ob  aeris  claritatem  a  crepufculis, 
ac  proinde  non  fatis  conftat  de  vero  initio 
emerfionis,  faltem  quoad  fecunda. 

Satis  clare  ac  diftinfte  primo  emergere 
vifus  eft,  aere  omnino  pacato,  ac  fereno. 

Totalis  luminis  recuperatio. 


1 0]  Eclipfes  of 
the  firji  Sat. 
of) up.  Obfer. 
at  Toulon,  by 
F.  Ant.  Laval 
/«1725, 1726. 

N<!  394-  P- 
100. 


H.  '  "  1725.  H.  '  * 


Sept.  23. 

Emerfio  6  56  42T.V 

Dec.  24. 

Emerfio  7  49  18  dub. 

Oft.  16. 

Emerfio  7  15  17 

Nov.  8. 

Emerfio  7  31  33 

1726. 

15- 

Emerfio  9  26  52 

Dec.  17. 

Emerfio  5  5634 

Jan.  9. 

Emerfio  6  2  3  dub. 

1 1  ]  Eclipfes  of 
the  firfl  Sat.  at 
Lisbon,  1 726. 
by  F.  Carbone. 
N°  401 .  p. 
408. 


femf).  Ver. 

H. 

/ 

// 

i5 

24 

0 

Maij  23. 

15 

24 

40 

13 

46 

29 

Jul.  I. 

13 

47 

47 

i5 

40 

30 

8. 

15 

4T 

40 

12 

0 

45 

1  M 

1 7  • 

12 

i 

52 

Immerfiones. 


Debilitatio  lucis. 
Totalis  Immerfio. 
Debilitatio  lucis. 
Immerfio  totalis. 
Debilitatio  lucis. 
Immerfio  totalis. 
Debilitatio  lucis. 
Totalis  Immerfio. 
I  i 


Aug. 
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1 2]  Eclipfes  of 
Jup.  SatelL 
1726,  at  In- 
golftad,  by  the 
Jefuites.  N° 

405-/'  557- 


Eclipfes  of  Jupiter V  fellites. 


H. 

t 

n 

.V  -  ■  J 

I  2 

l3 

3° 

Aug.  9. 

Immerfio  totalis. 

14 

7 

33 

l6. 

Attenuatio  luminis. 

14 

8 

46 

Totalis  Obfcuratio. 

16 

3 

10 

23. 

Attenuatio  lucis. 

1 6 

4 

23 

Immerfio  totalis. 

IO 

40 

Aug.  25. 

Debilitatio  luminis. 

IO 

32 

57 

Totalis  Obfcuratio. 

12 

27 

57 

Sept.  1. 

Attenuatio  lucis. 

12 

29 

29 

Totalis  Immerfio. 

8 

53 

47 

10.  . 

Debilitatio  lucis. 

8 

54 

54 

Totalis  Obfcuratio. 

1 6 

21 

3  2 

i5* 

Immerfio  in  Umbram. 

IO 

5° 

1 2 

17- 

Attenuatio  luminis. 

10 

51 

39 

Totalis  Immerfio. 

12 

46 

38 

24. 

Debilitatio  lucis. 

12 

47 

45 

Totalis  Obfcuratio.  Dubia. 

1 1 

8 

34 

06t.  10^ 

Immerfio  totalis.  Nonnihil  dubia. 

11 

39 

4i 

26. 

Initium  Emerfionis. 

1 1 

41 

2 

Integra  luminis  reftauratio. 

6 

8 

5  2 

28. 

Emerfio  ab  Umbra. 

6 

10 

4 

Emerfio  a  Penumbra. 

8 

6 

3 

Nov.  4. 

Initium  Emerfionis. 

8 

7 

14 

Totalis  Emerfio. 

9 

57 

39 

1 1. 

Initium  Emerfionis. 

9 

58 

49 

Integra  lucis  reftauratio. 

0 

20 

19 

20. 

Emerfio  ab  Umbra. 

6 

2 1 

29 

Emerfio  a  Penumbra. 

IO 

5 

18 

Dec.  4. 

Emerfio  ab  Umbra.  Dubia. 

TO 

6 

34 

Totalis  reftauratio  luminis. 

‘Temp.  Ver. 


H. 

M. 

5. 

6 

40 

30 

Jan.  6. 

15 

4 

20 

Jun.  9. 

!3 

24 

45 

Jul.  17- 

15 

16 

40 

20. 

1 1 

4i 

20 

Aug.  2. 

12 

25 

6 

14. 

1 1 

56 

19 

25. 

1 1 

43 

U 

26. 

13 

5i 

52 

Sept.  1. 

1 3 

17 

3  2 

2. 

i5 

45 

9 

Immerfiones  IS  Emerfiones. 


Satelles  X  emerfit,  Telefcop.  14.  ped. 
Immerf.  Intimi  ;  Telefcop.  23  ped. 
Immerfio  ejufdem  j  dub. 

Immerfio  21.  in  %  Umbr.  Tel.  9  ped. 
Immerf.  Intimi.  Telefcop.  12  ped. 

Immerf.  21.  eodem  Telefcop. 

Immerf.  Intimi.  Telefc.  23  ped. 

Incipit  emergere  ex  X  Umbr.  Satelles  3US* 
Immerf.  Intimi.  Telefcop.  23. 

T otalis  Immerf.  Satellitis  3 i.  in  Umbram  X^ 
Eodem  die  ia*  Emerf.  3i5-  e  X  Umbra 
Tel.  10.  Sept. 


H. 

/ 

// 

9 

40 

circ. 

1 5 

50 

3° 

U 

20 

30  circ. 

10 

19 

0 

10 

i7 

10 

39 

20 

% 
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Sept.  9.  Immerf,  i\,  Telefc,  14. 

Eodem  die  Imm.  Intimi.  Telefc.  23. 
Eodem  die  Imm.  plena  Satel.  3“.  in 
%  Umbram. 

Immerf.  Intimi. 

Hce  dace  Eclipfes  obfervatae  Biturgi  rc fidenti  a  Col¬ 
legii  Ingolftadienfis ;  quam  alias  definivi  in  or¬ 
tum  vergere  \  \o"  ab  Ingolft.  Meridiano . 

10.  Immerfio  intimi.  Telefc.  14. 

26.  Immerf.  ejufdem,  eod.  Telefc. 


2  +  3 


The  following  Obfervations  were  made  with  common  Telefcopes 
of  13,  15,  20^,  and  22  Foor. 


1720.  D.  j  H. 


/• 


IVbat  Eclipfes.  |  Telefc  ope  j 


July 

10 

Aug. 

9 

18 

Sept. 

10 

22 

oa. 

19 

28 

Dec. 

6 

29 

172 

*7 
/  • 

Jan. 

2 

7 

Feb. 

1 

Aug. 

5 

7 

8 

21 

30 

Sept. 

2 

6 

9 

10 

15 

oa. 

31 

Dec. 

2 

1  2 


I  2 

H 

I I 

1 1 
1 1 
1 1 
16 

I  2 
8 
7 

10 

10 

7 

7 

10 

I I 
10 

10 

7 

1 1 

10 
13 

H 

1 1 

10 

13 

13 

9 

9 

10 

8 

H 


47 

51 
1 5 
15 
32 
32 

13 

21 

47 
1 1 

30 

30 

1 5 

15 

59 

o 

9 

10 

17 

52 
59 
37 
5° 

19 

43 

1 1 

21 

34 

36 

8 

46 

6 


o 

30 

46 

52 

51 

56 

20 

46 

8 

18 

31 

38 
3  6 
48 

46 

17 

56 

4 

15 

23 

27 

9 

3o 

18 

57 

24 

35 

30 

32 

48 

3° 

o 


Im.  of  the  1  ft 

Immer. - i 

Immer. — ■ —  i 

Immer. - 

Immer. - i 

Immer. - 

Immer. - 2 

Em.'-  1 

Em. -  1 

Em. .  1 

Em. - 

Em.— - 

Em.-- - 

Em.— — 


Immer.* 
Immer.* 
Em.— — 

Em— 

Em.— 


Immer.- 
Immer.- 
Immer.- 
Immer.- 
Immer.- 
Immer.  - 
Immer. ■ 
Immer.. 
Emer.  - 
Immer. - 
Immer.  - 
Em.— 
Em.— 


2 

3 

1 

2 
1 

1 

2 

1 

2 

3 
1 

1 

1 

3 


15  Foot 
15  and  22 

1 5* 


2o£ 


1 5~ 
zo£ 

15“ 

15“ 

15- 

io~ 

20i 

*5“ 

20v 


15- 


1 5“ 
2oi 

20  V 


1 5* 

20. 

22. 

22« 

22- 

22- 

22' 

22- 

22- 

22- 

22- 

22- 

I5‘ 

22- 

22- 


I  i  2 


a  little  doubtful, 
doubtful  near  15". 


to  feme  Seconds. 

fomevvhat  doubtful. 

exadl. 

exaft. 

exadl. 

exaft. 

Air  foggy. 


exaft. 

to  a  few  Seconds. 
%  was  low. 


doubtful. 


doubful. 


13]  Eclipfes  0/ 
the  Sated,  of 

X  at  Peterf. 
burgh,  in 
i72b,  1727, 
1728.  by  Mr. 
De  Lifle.  N? 
407-  p-  37« 


72S- 


244 


14]  Eclipfesof 

Jup.  Satellites, 
at  Bologna, 
in  1727. 
h  Sign-  Euft. 
Manfredi. 

404 -p-  534- 


15]  Eclipfes  of 
the  firft  Sa¬ 
tellite  of 
Jup.tf/Lisbon, 
1727.  by  F. 
Carbone.  N° 

4°4 -P-  53 S* 


Eclipfes  oj  Jupiter's  Satellites. 


00 

D. 

H. 

/ 

"  1 

What  1 

Jan. 

8 

1 2 

H 

44 

Emer. 

1 2 

n  ^ 

0  5 

34 

Em. — 

10 

5 

5* 

7 

Em.- — 

7 

0 

1 2 

Em. — 

*7 

7 

56 

3* 

Imm.— 

8 

53 

4 

Em.  — 

9 

55 

14 

Feb. 

1 6 

10 

59 

26 

18 

5 

28 

.20 

Em.  — - 

27 

6 

40 

5 

Em.  — 

29 

8 

0 

29 

Imm,  - 

Mar. 

10 

1 1 

18 

19 

Apr. 

12 

8 

16 

12 

10 

30 

40 

Em.  — 

to  fome  Seconds, 
fomewhat  doubtful, 
to  fome  Seconds. 

the  wind  incommoded. 

exaft. 

to  fome  Seconds, 
the  day  not  clofed. 

the  Satellite  appeared  and 
difappeared  at  different 
Times. 


%  was  low. 


Jan. 

2. 

h. 

9* 

45/ 

47 7/- 

N. 

S. 

h. 

1 1. 

53; 

38^. 

5* 

h. 

6. 

5T 

54" 

7- 

h. 

8. 

54'- 

12". 

Feb. 

7- 

h. 

5* 

50'. 

5"' 

h. 

7- 

52;. 

54'f 

8. 

h. 

8. 

37- 

59/;* 

Aug. 

21. 

h. 

I3* 

S4'. 

39"- 

Sep. 

6. 

h. 

11. 

55/ 

I5//- 

*7* 

h. 

10. 

48. 

59/;- 

h. 

12. 

40'- 

30//- 

G&. 

h. 

9* 

10'. 

54/;* 

Nov. 

7- 

h. 

9- 

25- 

47"- 

1 727-. 

Immerf.  3,1.  Satel.  Tel.  ped.  14. 
Emerfio  ejufdem.  Dubia. 

Emerf.  if  Satell.  Telefc.  pedum  u. 
Bononienf.  Clar. 

Emerf.  i5,  eodem  Telefc.  ClarifT. 

Imm.  31.  eodem  Telefc. 

Emerf.  ejufdem  Telefc.  ped.  14. 
Emerf.  21.  Telef.  ped.  11.  aere  non¬ 
nihil  nebulofo. 

Imm.  if  eodem  Telefc. 

Imm.  if  eodem  Telefc. 

Imm.  11.  dub.  eodem  Telefc. 

Emerf.  ejufdem.  fubdub.  eodem  Tel. 

1J27. 

*  •  -  -  .  ;  ~  *  ;  \  , .  :  ; 

Immerfionem  Intimi  Jovis  Satellitis 
obfervavi  Telefcopio  pedum  22. 
Ejufdem  Satellitis  Immerfionem  eodem 
Telefcopio. 


Satell, 
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^45 


Immerfiones. 


1728. 

Emerfiones. 


Immerfiones, 


Imm.  1727. 


S  A 

T  E 

L  L. 

1. 

D. 

H. 

// 

CNov. 

2 

10 

21 

10 

Vefp. 

10 

0 

H 

26 

Mane. 

1 1 

6 

44 

10 

Vefp. 

f'Dec. 

3 

2 

30 

42 

Mane. 

10 

4 

22 

5 

Mane. 

1 1 

10 

50 

0 

Vefp. 

13 

5 

i7 

50 

Vefp. 

1 9 

0 

40 

44 

Mane. 

20 

7 

8 

20 

Vefp. 

26 

2 

32 

33 

Mane. 

2  7 

9 

0 

0 

Vefp. 

Jan. 

3 

10 

5i 

50 

Vefp. 

5 

5 

20 

0 

Vefp. 

A 

11 

0 

45 

18 

Mane. 

12 

7 

13 

27 

Vefp. 

i9 

9 

5 

40 

Vefp. 

26 

10 

59 

0 

Vefp. 

28 

5 

27 

20 

Vefp. 

Feb. 

4 

7 

22 

0 

Vefp. 

\ 

11 

9 

16 

40 

Vefp. 

18 

1 1 

12 

3o 

Vefp. 

20 

5 

41 

50 

Vefp. 

LMart. 

21 

7 

58 

55 

Vefp; 

rSept. 

20 

1 

12 

12 

Mane. 

Od. 

4 

5 

6 

0 

Mane. 

1 

A 

13 

1 

50 

0 

Mane. 

\ 

20 

3 

26 

I5 

Mane. 

I 

e 

27 

5 

J9 

30 

Mane. 

S  A 

T  E 

L  L. 

II. 

Nov. 

6 

4 

5 

40 

Mane. 

fDec. 

1 

3 

40 

45 

Mane. 

m 

1 

4 

5 

2 

0 

Vefp. 

< 

1 1 

7 

37 

42 

Vefp. 

i 

1 

18 

10 

1 1 

l3 

Vefp. 

26 

0 

47 

39 

Mane. 

16]  Eclipfes  of 
%  Sat.rf/Pekin 
in  1727,  and 
1728.  N° 
414.  p.  366. 
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246  '  Eclipfes  of  Jupiter’ j  Satellites. 

S  A  T  E  L  L.  II. 


D. 

H. 

> 

// 

1728. 

[Jan. 

1 

<! 

1  Feb. 

• 

1 

5 

4 

42 

0 

Vefp. 

12 

7 

16 

16 

Vefp. 

Emerfiones* 

19 

13 

9 

7 

5i 

3 

0 

45 

Vefp. 

Vefp. 

20 

9 

46 

0 

Vefp. 

Immerfio. 

1  Loa. 

30 

3 

34 

10 

Mane. 

Sate 

L  L. 

III. 

1727. 

D. 

H. 

/ 

// 

Vefp. 

C  Nov. 

2 1 

7 

57 

0 

Incipit  emergere 

S 

28 

11 

53 

0 

Vefp. 

1728. 

c 

Immerf.  tot. 

Jan. 
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Jup.  Satel.  in 

1730,  and 

1731,  at  Pe-' 
kin,  by  F. 
Ign.  Koeglec 
and  And.  Pe¬ 
reira.  N?  424, 
p •  3*6- 


Eclipfes  of  Jupiter’s  Satellites . 


D. 

H. 

t 

173a 

Dec. 

21 

12 

28 

40 

28 

14 

18 

10 

1731- 

Jan. 

4 

16 

8 

45 

• 

6 

10 

35 

20 

Tmmerfiones»  < 

I 

n 

17 

59 

3° 

13 

12 

27 

10 

20 

14 

i7 

30 

> 

2  7 

16 

10 

12 

Feb. 

3 

18 

2. . 

3 6 

12 

14 

25 

dub. 

14 

8 

54 

20 

Mar. 

2 

9 

30 

! 

r 

9 

1 1 

27 

40 

16 

*3 

23 

30 

18 

7 

52 

40 

Emerfiones* 

1  Apr. 

1 

3 

1 1 

6 

45 

i5 

20 

17 

10 

8 

40 

• 

24 

12 

4 

3° 

tMaii 

3 

8 

29 

V 

5° 

Sat 

ELL. 

II. 

,  *- ..  .• 

i 

D. 

H. 

7 

// 

1730,  i 

rNov. 

25 

16 

5 

30 

• 

Dec. 

2 

18 

37 

dub. 

20 

12 

49 

45 

immerfiones. 

I73I* 

!  Jan. 

27 

3 

14 

15 

17 

9 

21 

49 

3° 

5 

50 

45 

\ 

28 

14 

37 

30 

- 

Feb. 

4 

17 

10 

t: 

15 

8 

59 

( 

Mar. 

*9 

1 1 

29 

20 

Emerfiones.  < 

'  Apr. 

13 

8 

35 

20 

11 

16 

S  A  T  E 

L  L. 

III. 

D. 

H. 

/ 

if 

1730.  Immer. 

Nov. 

2  K 

26 

16 

3°' 

Emer. 

Dec. 

20 

1 1 

27 

50 

Immer, 

27 

1 1 

49 

30 

Emer,. 

15 

2 1 

17 

251 


Obfervations  on  Jupiter,  Mars,  and  Venus. 


D. 

H. 

t 

// 

173 i#  Immer. 

Jan. 

3 

1 5 

43 

Emerf, 

19 

16 

dub. 

Immer. 

Feb, 

8 

1  I 

25 

30 

Immer. 

15 

*5 

23 

Emer. 

Mar. 

9 

6 

50 

3° 

Emer. 

j  6 

10 

50 

50 

Emer, 

23 

14 

5 1 

30 

Emer. 

Apr. 

2  I 

6 

56 

20 

Immer. 

28 

7 

28 

30 

Emer. 

10 

55 

3° 

Immer. 

Maii 

5 

11 

3° 

30 

s 

ATE 

L  L. 

IV. 

D. 

H. 

t 

H 

1730.  Immer. 

Dec. 

20 

l8 

5° 

45 

3731.  Immer. 

Jan. 

6 

12 

38 

12 

Emer. 

17 

6 

45 

Emer. 

23 

10 

54 

Immer. 

Mar. 

31 

6 

inter 

30'  &; 

Emers 

10 

43 

40 

Obfervations  on  Jupiter,  Mars,  and  Venus. 


Maii  die  10. 


Die  11. 


Die  12. 
Die  13. 


Hora  4,  mane,  diftantia  Jovis  a  Stella  O  Aquarii  XXXIV. 

9'  5//-  Jupiter  erat  ad  occafum  *  eftque  diftantia  com-  0bfervaJiom 
putanda  a  centro. 

Eadem  hora,  Jupiter  jam  praetergreflus  Stel-  1727%/lgn: 
lam  O,  ab  ea  diftabat  ad  ortum  boreum  1',  io77,  Koegler.  N* 
Scii,  a  centro  Hora  5ta*  Diftantia  centrorum  i'  36^.  4 °S*A  5S3* 
Hora  4.  diftantia  Jovis  a  Stella  O,  10'  io77. 

Eadem  hora,  19'  5077. 


Jan.  die  18.  Martis  occultatio  a  Temp.  Ver.  Hor.  7.  XXXV. 

iyz6.N.S.  Min.  23.  Vefpere.  Non  fatis  certa.  i\AnOuul- 

Emerfio  Martis  Hor.  8.  Min.  2r.  Sec.  24.  certa.  tftl0r! 
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- Erat  penitus  immerfus. 

7  54  25 

- Centrum  Martis  emergit  e  £  limbo 

obfcuro. 

7  5+  35/ 

- Totus  Mars  extra  Lunam. 

by  the  Moon, 
at  Toulon, 
F.  Ant. 
Laval.  NS 
394.  101. 


ftad,  Jan.  19. 
1726.  by  tbt 


K  k  2 


Tranfitus 


2£j  2  Obfervations  on  Mars  and  Venus. 

Tranfitus  Martis  fuit  in  linea  ex  centro  Grimaldi  per  extremitatem 
boream  Langreni  dudla.  Inde  habita  ratione  librationis  Lunaris, 
colledta  centrorum  diftantia  minima,  2'  30",  Marte  auftraliore.  Se- 
midiameter  Lunas  apparens  hora  9  erat  16' 

Obfervatio  fadta  eft  Telefcopiis  10  &  12  pedum. 


3]  Another  at 
ingolftad. 

N5  405. 
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bum  obfcurum. 

Emerfio  ia-  Martis  ad  Zoroaftrum. 
Emerfio  totalis  Martis  fadta  obfervatione 
Telefcopiis  12,  14&  16  pedum. 
Diameter  Lunce  apparens  hora  7^,  erat 

32'  47,/. 

4]  Another  at 
Pekin,  1731. 
Np  424.  p. 

318. 

Nov.  die  14.  Circa  hor.  4.  p.  m.  Luna  obtexit  Martem.  Im- 

1J20.  merfio,  claro  adhuc  die,  videri  non  potuit :  obferva- 

ta  tamen  eft  Emerfio,  quas  accidit  hor.  4.  54/  proxi¬ 
me  Furnerium. 

Obfervations  of  Venus. 
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1]  An  Occul- 
tatioh  by  the 
Moon  at  Bo¬ 
nonia, Sep.  1 8 
N.  S.  1727. 
by  S.  Eult. 
Manfredi.  NQ 

4°4*  535- 

Ml  \  '* 

T tmpora. 

Phafes . 

H.  '  " 
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1  16  45 

1  17  5° 

1  46  24 

Sept.  18.  Incipit  Venus  occultari  poll  limbum 

Lunas  obfcurum. 

—  —  Immerfio  totalis  9 .  _  .  • 

- - Incipit  9  emergere  e  limbo  C  lucido. 

Emerfit  tota. 

Nunc  limbus  prascedens  C  illuminatus 
prascedit  9  in  circulo  horario  2  iy/  tem¬ 
poris  i  &  limbus  Borealis  (L  item  illu¬ 
minatus  eft  auftralior  9  if  temporis* 

2]  Another  at  Contigit  AccefTus  Lunae  ad  Venerem  2  h.  2'  16".  Occultatio  to- 
Berlin,  Sep.  talis  2  h.  3'  1".  Idem,  per  Telefcopium  o&odecim  Pedum  nota- 
19. p.  m.N.S.  yjt  Venerem  fere  in  Quadratura  pofitam,  cum  prope  Lunas  difcum 
1729.  by  Mr.  acce(]eret9  figuram  mutaffe,  &  Falcis  cufpides  arnififfe  j  unde  Qva- 
412!  p.  256.  lis  vel  Elliptica  figura  oriebatur:  Quod  fpe&aculum  pro  compro¬ 
banda  Lunae  Atmofphasra  laudari  polle  D.  Kirchius  cenfet. 

April 


April  2. 
1729. 


The  mean  Motion  of  Mercury,  Me. 

At  7  H.  1 3' Mr.  T. Veidler  obferved  Venus  placed  in  fuch 
manner  near  the  Moon ,  that  the  Horns  of  the  Moon  were 
in  the  fame  right  Line  with  Venus ,  which  was  then  didant 
from  the  Southern  Cufp  of  the  Moon  1  Deg.  10'.  At  7  H. 
30'.  he  meafured  the  Didance  of  Venus  from  the  Eaftern 
Cufp  of  the  Pleiades  to  be  2  Deg.  15',  and  the  Horn  of 
the  Moon  at  the  fame  Time  was  didant  from  the  fame 
Cufp  1  Deg.  53',  45'H  the  intermediate  Didance  of  the 
Horns  of  the  Moon  was  29'  3o/;. 
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XXXVII. 

A  Conjunction 
of  Venus  and 
the  Moon, 
April  2,  1729. 
at  Wit  tern- 
berg,  by  Mr. 
F.  Weidler. 
N°  412.  p. 
252. 


Altitudines  Meridianis  apparentes  Veneris. 
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XXXVIII. 

Meridional 
Altitudes  of 
Venus  obferv¬ 
ed  at  Toulon 
by  F.  Ant. 
Laval,  in 
1725.  N° 
394.7).  1  o  1 . 


A  Tranfit  of  Mercury. 

The  Tranfitof  the  Planet  Mercury ,  over  the  Difk  of  the  Surf 
being  one  of  the  mod  curious  and  uncommon  Appearances  that  the 
Heavens  afford,  our  Aftronomers,  both  at  home  and  abroad,  made 
due  Preparation  to  obferve,  with  the  utmod  Exadtnefs,  that  which 
happened  on  the  29th  of  Ofloher ,  1723,  which  I  had  predicted  in 
the  Year  1691  {Phil.  Tdranf  N°  193.)  would  be,  in  Part,  vifible 
in  England.  And  the  Sky  proving,  more  than  ordinary,  favourable 
at  that  Time,  we  were  enabled  to  obferve  the  Ingrefs  on  the  Sun's 
Limb,  with  the  greated  Accuracy. 

Accordingly,  the  fame  Day,  Off  oh.  29.  Jlyl.  vet.  at  Greenwich  in 
the  Royal  Ohfervatory ,  I  fird  perceiv’d,  with  my  24  Foot  Tube,  the 
Planet  making  a  Email  Notch  in  the  Surd  s  Limb  at  2h  41'  T.  app. 
And  at  2h  42'  2 6/7  he  was  wholly  entered,  making  an  interiour  Con- 
ta<d,  the  Light  of  the  Sun9 s  Limbjud  beginning  to  appear  behind 
his  dark  Body  ;  which  notwithdanding  the  Slownefs  of  the  Motion, 
was,  in  a  Manner,  indantaneous.  Then,  applying  the  Micrometer 
to  the  faid  24  Foot  Tube,  I  open’d  it  fo  as  to  take  in  16'  if  equal 
to  the  Sun's  Semidiameter  at  that  Time  ;  and  caufing  the  northern 
Edge  of  the  Sun,  to  move  exadtly  along  one  of  the  Pointers,  I 
waited  till  the  Center  cf  Mercury  came  to  move  along  the  other,  as 
I  found  it  to  do  at  3h  1'  1 611  T.  app.  But  Re  fra  fit  on  contracting 
this  Difference  of  Declination  about  5  Seconds  ( the  Sun  being  then  but 
about  1 i°  high)  I  concluded  that  the  Centers  of  the  Sun  and  Mercury , 

were 


XXXIX. 

1]  The  mean 
Motion  o/yizr- 
cury,  and  his. 
Nodes  deter¬ 
mined  by  a 
Tranfit  of  that 
Planet  over 
the  Suns  Disk 
O&ob.  2C)th. 
1723.  by  Dr. 
E.  Hallev. 
N°  386. />. 
228. 
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The  mean  Motion  of  Mercury 

were  truly  in  the  fame  Parallel  of  Declination  at  3^  3'  T,  app. 

proxime. 

At  Wanftul  in  Effeti*  my  worthy  Collegue,  the  Reverend  Mr, 
Jams  Bradley*  Savilian  Profeflbr  of  Aft r enemy,  obferved  with  the 
Hugenmn  Fe-lefcope*  of  above  1  zo  Foot  long,  the  total  Immerfion, 
or  interiour  Contact  of  the  Limbs,  at  2h  26'  45^  T.  eeq.  that  is  2ji 
a  i(  38^  T.  app .  twelve  Seconds  later  than  I  found  it  at  Greenwich  1 
molt  of  this  Difference  being  due  to  the  Difference  of  our  Meridi¬ 
ans.  And  applying  the  Micrometer  to  that vaft  Radius*  he  meafured 
the  Diameter  of  the  Planet  1011  4 5 A  At  2h  48'  57 7/  he  found  the 
Difference  of  Declination  between  the  fouthern  Limbs  of  the  Sun  and 
Planet  by  the  Micrometer ,  in  a  fifteen  Foot  Tube,  to  be  15'  19^ 
Wherefore,  allowing  the  obferved  Semidiameter  of  the  Planet ,  and 
th z  Refraction*  the  Laid  Difference  was  neareft  15'  30",  and  confe- 
quentfy.  Mercury  mote  foutherly  than  the  Sun9 s  Center  in  refpeft  of 
Declination  o'  45 //. 

Mr.  George  Graham ,  in  Fleet-ftreet ,  obferved  the  firft  Impreffion 
on  the  Sun9 s  Limb  at  2h  41'  ft1  T,  app ,  and  at  zk  42'  19“  Mercu¬ 
ry  was  intirely  within  the  Difk.  At  3h  6'  4D  he  meafured  with  a 
Micrometer ,  in  a  twelve  Foot  Tube,  the  Diftance  of  his  Center  from 
the  neareft  Limb  of  the  Sun  2'  X3//.  And  again,  at  oft  25'  24* 
their  Diftance  was  found  ft  57A  At  3h  34'  43 he  meafured  the 
Difference  of  Declination,  from  the  northern  Limb  of  the  Sun  ift 
57A  which,  corrected  by  Refraction ,  becomes  15'  4^  that  is,  v 
more  northerly  than  the  Sun9 s  Center. 

In  the  Qbfervatory  at  Paris  ^  Signor  Maraldi  obferved  the  firft  Ap¬ 
pearance  o f  Mercury  on  the  Sun9 s  Limb  at  2h  50'  J3//  T.  app ,  and 
the  interiour  Contact  at  2h  5.1'  48  L  And  Mr,  Lifte^  obferving 
a-part,  concluded  the  fame  at  zh  51'  37^  but  fufpe&s  it  might 
have  been  forne  few  Seconds  later.  This  Gentleman  has  communi¬ 
cated  his  Obfervation  at  large,  from  whence  we  fhall  only  borrow 
the  following  obferved  Latitudes, 
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At  Bononia ,  in  Italy ,  Signor  Manfredi  obferved  Mercury  indent¬ 
ing  the  Sun9 s  Limb  at  gh  26'  22/;  ;  and  that  he  was  gotten  entirely 
within,  at  3h  27'  45L  And  thefe  are  the  Obfervations  moft  to  be  de¬ 
pended  on,  that  we  have  received  from  abroad. 

In  order  to  deduce  from  this  Phenomenon ,  fo  accurately  obferv’d, 
what  may  contribute  to  the  Perfecting  of  the  Theory  of  Mercury's 
Motion,  which  (as  appears  by  the  near  Agreement  of  our  Numbers 

with 


and  his  Nodes  determined  by  a  Tr unfit . 

with  this  and  many  other  Obfervations  of  him  )  feems  to  need  but 
very  little  Correction  ;  I  carefully  computed,  from  our  Tables,  the 
Motion  of  the  Planet  in  five  Hours,  and  found  his  apparent  Mo¬ 
tion  on  the  Sun,  to  be  in  Longitude  29'  2U  Retrograde,  and  that 
his  Latitude  encreas’d  northerly  4 '  LJi"  in  the  fame  Time  ;  whence 
the  Horary  Motion  in  Longitude  5'  52^,  and  in  Latitude  o' 
and  thence  the  Angle  of  the  vilible  Way  with  the  Ecliptick  8°  ig\ 
and  the  Horary  Motion  in  that  Way  5’  56".  Again,  the  Angie  of 
the  Ecliptick  with  the  Meridian,  being  in  this  Place  730  24*  the 
vifible  Way  of  Mercury ,  made  an  Angle  of  65 ^  5'  with  the  Meri¬ 
dian  palling  through  the  Center  of  the  Sun ,  whence  the  Horary 
Change  of  Declination  becomes  exaCUy  2'  3011. 

Thefe  Data  I  choofe  rather  to  take  from  the  Theory,  than  from 
immediate  Obfervation  ;  becaufe  there  is  always  an  unavoidable, 
though  fmall  Uncertainty,  in  what  we  obferve,  yet  greater  than 
there  can  be  in  the  Computation  for  fo  fmall  a  Space  of  Time, 
efpecially  now  the  Theory  is,  as  I  laid  before,  fo  very  near  the  Truth. 

This  premifed,  let  us  now  enquire  the  true  Time  of  the  central 
In g refs,  and  the  Latitude  of  the  Planet  at  that  Time.  And  firft, 
by  my  own  Account,  Mercury  was  gotten  into  the  Parallel  of  the 
Surf s  Center,  21^  Minutes  after  the  central  Ingrefs,  in  which  Time 
he  afcended  to  the  Northward  o'  54^,  and  fo  much,  therefore,  was 
he  more  Southerly  than  the  Sun* s  Center  at  his  Ingrefs.  Mr.  Bradley 
7i  Minutes  after  the  faid  Ingrefs,  in  which  the  Planet  afcended  0'  19" 
found  his  Declination  0'  45^  South,  and  therefore  at  the  Ingrefs,  his 
Declination  was  1  4/;  South.  And  by  Mr.  Graham’s  Obfervation, 
Mercury  was  more  northerly  than  the  Sun’s  Center  T  u",  53'  20 
after  the  central  Ingrefs ;  but  in  that  Time,  Mercury  afcended  2'  1 3" 
wherefore,  according  to  him,  at  the  Ingrefs  the  Planet  had  i'  2 
South  Declination.  We  fhall  not  therefore  err  above  a  Semidiameter 
of  Mercury,  if  we  afiume  his  Declination  at  that  Time,  to  have 
been  precisely  one  Minute. 

Now  the  Sun’s  Semidiameter  being  then  16'  1 5^,  one  Minute  is  the 
Sine  of  30  32  in  the  Arch  of  the  Sun’s  Limb;  and  confequently, 
the  Point  of  this  Ingrefs  was  13°  4'  more  northerly  than  the  Eclip¬ 
tick  ;  whence  the  Latitude  of  Mercury  was  then  3'  4o/7  North, 
and  Difference  of  Longitude  15'  50",  by  how  much  he,  at  that 
Time,  followed  the  Sun’s  Center.  < 

If  therefore,  to  the  Arch  of  130  4,  we  add  the  Double  of  8°  19', 
or  of  the  Angle  which  the  vifible  Way  made  with  the  Ecliptick,  we 
lhall  have  29^  42'  for  the  Point  bn  the  Sun’s  weftern  Limb,  at 
which  the  Planet  made  his  Exit ,  likewife  to  the  North  of  the  Eclip¬ 
tica.  Hence  the  Chord,  defcribed  in  the  whole  Tran  fit,  was  of  137^- 
14,  and  the  Chord  itfelf  30'  i6//;  and  the  nea reft  Di fiance  to  the 
Sun’s  Center  5'  56".  Now  the  Horary  Motion  in  this  Chord,  be  - 
tog  5'  56ii>  the  whole  Duration  of  this  Mercurial  Eclipfe  becomes 
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£jH  6'  in  refpedt  of  the  Center  of  the  Planet  •,  and  therefore  the  near¬ 
eft  Approach  of  their  Centers  was  at  5h  14'  3 o''  at  Greenwich ,  and  the 
at  7h  47 both  vifible  in  our  American  Plantations r  had  there 
been  any  curious  Perfon  there  qualified  to  ob ferve  them. 

It  follows  like  wife,  by  the  obferved  Diameter  of  Mercury ,  10" 
45v/  that  he  was  very  little  lefs  than  two  Minutes  of  Time  in  palling 
the  Limb  *,  and,  by  the  given  neareft:  Diftance  to  the  Sun* s  Center, 
it  is  concluded  that  he  was  in  Conjunction,  in  Point  of  Longitude, 
at  5h  23'  1 5",  having  then  precifely  6'  00"  North  Latitude.  Nor 
can  it  be  doubted,  but  that  all  this  would  have  been  found  exceed¬ 
ing  near  to  Truth,  had  not  the  too  early  fetting  of  the  Sun  deprived 
all  Europe  of  the  defirable  Sight. 

There  being  a  very  remarkable  Period  of  the  Motion  of  Mercury 
in  46  Years,  in  which  Time,  he  makes  19 1  Revolutions  about  the 
Sun  *,  this  Tranfit  of  ours  is  found  to  have  been  preceded  by  two 
others  at  that  Interval :  The  firft,  in  the  Year  1631,  when  Gajffendus 
at  Paris ,  on  the  28th  Day  of  October ,  ftyl.  vet.  was  the  fint  that 
ever  obferved  this  Appearance  of  Mercury  within  the  Sun* s  Difk, 
and  found  him  to  pafs  off  at  ioh  28'  mane.  The  fecond  was  Oftob. 
-28,  1677,  when  myfelf  had  the  good  Fortune  to  obferve  both  the 
Ingrefs  and  Egrefs  of  the  Planet  in  the  Ifland  of  St.  Helena  ;  the 
middle  Time,  when  he  was  neareft  to  the  Sun*s  Center,  being  there 
but  3'  50^  paft  Noon,  and  the  vifible  Duration  of  the  Tranfit  of  the 
Center  of  the  Planet  5h  14'  2o7/ ;  which  was  fome  ftnall  matter  con¬ 
tracted  by  Parallax,  and  rnoft  likely  might  have  been  5h  15'  00"; 
without  it.  Now  in  5hi5',  Mercury  deferibed  the  Chord  of  146°  52' 
in  the  Sun* a  Limb,  being  31'  9;/,  and  confequently  the  neareft  Di¬ 
ftance  to  the  Center  was  4'  38",  or  the  Sine  of  160  34'  the  Sun’s 
Semidiameter  being  Radius ;  that  is,  1'  18"  lefs  than  we  found  it  in 
1723.  Hence  alfo  it  follows,  that  the  true  Conjunction  in  Longi¬ 
tude  was  7  min.  of  Time  later  than  the  neareft  Approach  of  the 
Centers,  viz.  at  oh  10'  50"  at  St.  Helena,  or  at  oh  35'  paft  Noon  at 
Greenwich :  And,  that  the  North  Latitude  of  the  Planet,  at  that 
Time,  was  4'  41". 

.  Suppofing,  therefore,  the  neareft  Diftance  of  the  Centers  in  the 
Tranfit  of  1631,  to  have  been  3'  2o/7,  that  is,  i'  18"  lefs  than  in 
1677,  we  fhall  find  that  Mercury  then  deferibed  a  Chord  of  156** 
2  o',  traverfing  the  Difk  of  the  Sun  in  511  21'  3  o'7*,  fo  that  fuppofing 
his  Exit  at  ion  28'  at  Paris ,  that  is  ioh  i8f  40/7  at  Greenwich ,  he 
enter’d  on  the  Sun  at  4h  57'  io7/  in  the  Morning  ;  and  was  neareft  his 
Center  at  yh  38'  T.  app.  but  in  the  fame  Longitude  with  him  at 
7h  43 ',  or  Oflob.  27  i9h  43'  T  app  having  then  3'  ziH  North  La¬ 
titude. 

And  here,  I  think  I  may,  without  Vanity,  advertife  the  Reader, 
that  above  thirty  Years  fmee,  viz,  in  Philofoph.  Tranf  N°  193,  for 
the  Month  of  March ,  &c.  169J,  I  predicted,  by  Help  of  the  two 
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former,  this  laft  Tran  fit,  with  a  furprifing  Exadtnefs,  even  beyond 
my  Hopes,  making  the  Time  of  the  middle,  or  neared  Approach 
of  the  Centers  of  the  Sun  and  Mercury ,  Anno  1723,  Offcb.  2gd  5h 
19'  T.  app.  which  we  found  by  Obfervation  at  5h  only  4'-  Mi¬ 

nutes  fooner  ;  and,  in  Latitude,  Mercury  was  but  fix  Seconds  more 
foutherly  than  I  then  had  computed  it  •,  the  Error,  in  Longitude, 
being  little  more  than  two  Diameters  of  this  exceeding  fmall  Planet ; 
and,  in  Latitude,  but  a  fingle  Semidiameter  thereof.  So,  that  for 
the  Future,  Adronomers  may  truft  my  Table  of  thele  Tranfits,  in 
Tranfaff.  NQ  193,  to  a  few  Minutes  of  Time,  and  not  wait  with 
the  Uncertainty  of  Hours,  nay  Days,  as  has  lately  been  done. 

But,  in  order  to  obtain  a  yet  further  Degree  of  Exactnefs  by  Help 
of  this  Obfervation,  it  may  be  mod  expedient  to  compare  with  it  the 
Ingrefs  I  obferved  at  St,  Helena  \  becaufe,  in  that,  as  well  as  in  this, 
the  Latitudes  of  the  Planet  being  very  fmall,  a  little  Error  in  them 
will  not  fo  much  affect  the  Longitudes.  Suppofing  therefore,  that 
Anno  1 677,  Oclob .  270  2ih  26'  15^  at  St.  Helena ,  or  2ih  50'  15 "  T. 
app.  at  Greenwich ,  the  Center  of  Mercury  entered  on  the  Sun ,  and 
that,  at  that  Time,  he  was  84  Degrees  on  the  Sun9 s  Limb,  to  the 
North  of  the  Ecliptick  (  according  to  what  is  above  concluded )  it 
follows,  that  he  had  then  2'  20 "  North  Latitude,  and  16'  5"  greater 
Longitude  than  the  Sun’s  Center  •,  as  in  this  prefent  Tranfit,  OAob. 
29 0  2h  41'  30/;  T.  app.  at  Greenwich ,  he  had  3'  40^  North  Latitude, 
and  15'  5o/7  more  Longitude. 

Now  the  apparent  Geocentrick  Differences  of  Longitude,  are  to 
the  real  Heliocentrick  Differences,  as  the  Planet’s  true  Didance  from 
the  Sun,  to  his  Didance  from  the  Earth  ;  that  is,  in  both  Cafes,  as 
313  to  676  j  wherefore,  in  1677,  Mercury  wanted  34'  45;/  of  the 
Conjunction  with  the  Sun  ;  and,  in  1723,  but34'i3//,  at  the  Times 
of  his  apparent  Ingrefs  on  the  Disk.  And,  equating  the  Times,  I 
find,  that  the  Sun,  Anno  1677,  OAob.  2yd  2ih  34'  20"  T.  ceq.  was, 
in  nl  150  3 6'55/7,  and,  consequently  Mercury’s  Heliocentrick  Place 
b  i5q  2'  10":  And,  Anno  1723,  OSlob.  29a  2h  25'  30"  T.  cecy. 
the  Sun  was  in  1 6°  39'  43 /;,  and  therefore  Mercury ,  at  that 
Time,  in  b  160  5'  ^o" .  , 

Mercury  therefore,  in  46  Years  with  1 1  Intercalations,  and  be- 
fides  id  411  51'  1  o^,  has  made  191  Revolutions  to  the  Equinoctial 
Points,  and  over  and  above  i°  3'  2o/;.  But,  by  the  Scholion  to 
Prop.  XIV.  Lib.  III.  Natur.  Philofoph.  Principia  Math,  the  Motion 
of  the  Aphelion  of  Mercury ,  from  the  Equinox  in  that  Time,  is  40' 
i87/;  fo  that  there  remains  23'  2"  of  True  Anomaly  to  be  reduced 
to  the  Mean  :  Now  the  Mean  Anomaly  of  Mercury ,  in  both  Cafes, 
being  5  fig.  120,  23'  2"  of  True  Anomaly  gives  15'  2\"  Mean 
Anomaly  •,  which  added  to  40'  iS7/  becomes' 55'  42/7,  for  the  Mean 
Motion  above  fo  many  Revolutions:  And  this  is  to  be  encreafed  by 
S7/  to  reduce  it  to  the  Plane  of  Mercury9 s  Orb,  in  all  55'  5°”- 

L  1  Hence, 
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Laflly,  it  may  not  be  amifs  to  advertife,  that  on  the  laft  Day  of 
October  1736,  Mercury  will  again  traverfe  the  northern  Part  of  the 
Sun' s  Disk,  both  Ingrefs  and  Egrefs  being  vifible  to  all  Europe . 


XXXIX. 

2]  An  Qbfer- 
v alien  of  Mer¬ 
cury  at  Wit¬ 
tenberg.  Mar. 
£;,  \jzgt‘by 
Mr.  F.  Fred. 
Weidler.  NQ 


March  4,  1729  ;  the  Planet  Mercury  was  fartheft  from  the  Sun, 
and  remained  fome  Time  above  the  Horizon.  Making  ufe  therefore 
of  a  twenty-two  Foot  Telefcope,  Mr.  Weidler  obfervedits  Phafe  al¬ 
mo  ft  bifedted,  and  its  Diameter  appeared  equal  to  a  third  Part  of 
the  Diameter  of  Venus ,  this  Planet  being  above  the  Horizon,  and 
feen  at  the  fame  Time* 


4  ~XI252'  Monere  hic  debeo  obfervationes  Cometae  a  me  inventi,  in  Novis 
iY>bjervations  L*terarii5  Lipfienf.  non  efife  accuratas  ;  nam  die  23  Januarii  mane, 
upon  a  Comet '  Cometa  cum  0  &  Caffiopeae  (non  vero  &  <p )  conftruebat  trian- 
feen  at  Berlin,  gulum  aequicrurum  ;  &  velperi  <p  Perfei,  Cometa  &  0  Caffiopeae  ad 
fenfum  erant  in  linea  redta.  Pleniorem  Cometae  hiftoriam  jam  pa- 
Kirclf  hlN^  ratam  habeo,  ex  qua  haec  breviter  attingam.  Obfervavi  eum  a  die 
375T*  238.  Jan'  ac*  ^  Februarii.  Loca  ejus  ex  obfervationibus  ad  horam  iq 
vefpertinam  cujufque  diei,  quo  Cometa  obfervari  potuit,  redudta* 
haec  Tabella  exhibet. 
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Via  ejus  tranfiit  fupra  tergum  Urfae  minoris,  prope  Polarem,  per 
crura  &  genua  Cephei,  Caffiopeae  &  Andromedae.  Nodus  ejus  de- 
fcendens  fuit  in  21^  gradu  Arietis,  cum  aliqua  mutatione:  Angu¬ 
lus  orbitae  cometicte  &  Eclipticae  69 £  grad.  circiter,  etiam  cum 

aliqua 
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aliqua  variatione.  Via  Cometse  2  fere  gr.  a  Polo  mundi  tranfiir, 
&  Aquatorem  fecavitin  20  j  gr.  a  punfto  aequinoftiali.  Perigaeum 
Cometae  fuit  in  6°  6'  cum  latitudine  feptentrionali  62°  7'.  Co¬ 
meta  in  Perigaeo  fuit,  D.  18  Jan.  hor.  3.  min.  9.  mane.  Motus  Co¬ 
metas  diurnus  in  orbita  propria,  in  Perigaeo  (  12  fcilicet  horis  ante, 
&:  12  pod  Perigaeum )  22a  8s  ultimis  verodiebus  apparitionis  32'. 
Suppofita  Terra  quiefcente,  &  Cometa  in  re&a  linea  trajiciente,  motus 
Cometas  fuit  391  partium,  qualium  diftantia  minima  Cometas  a  Terra 
1000.  De  Parallaxi  Cometas  nihil  certi  affirmare  poffium,  nifi  quod 
multum  fupra  Lunam  fuerit  elevatus  Cometa.  Probabiliter  vero 
conjicio,  illum  intra  Planetarum  orbes  exffiiriffe,  imo  in  Perio-ceo 
multo  propiorem  nobis  fuiiTe  Martis  Sphaera.  Sit  enim  femi- 
diameter  orbitas  Terrae  10000  partium,  erit  ita  motus  diurnus 
Martis  139  vel  140.  Si  vero  Cometam  in  orbita  Martis  exit  iride 
fuppono,  cum  latitudine  6 2C  7'  &  motu  diurno  22°  8'  ejus  velo¬ 
citas  effiet'  2847  partium,  fi  fcilicet  fimul  fuiffet  in  oppofitione 
Solis ;  cum  autem  differentia  Longitudinis  Solis  &  Cometae  in  Pe- 
rigaso  tantum  fuerit  i4iQ  40',  motus  diurnus  Cometas  evadit  3200 
part.  &  proportio  motus  Cometae  ad  motum  Martis  ut  23  ad  1. 
Quare  colligo  Cometam  intra  fphasram  Martis  exftitiffe.  Si  vero 
quis  Cometam  ad  Saturni  orbitam  evehere  vellet,  deberet  ipfi  velo¬ 
citatem  tribuere,  quas  effiet  ad  velocitatem  Saturni  ut  600  ad  1  •,  & 
quod  uno  die  majus  fpatium  percurriffet,  quam  Terra  dimidio  anno 
abfolvere  foleat.  Ne  dicam  de  diametro  Cometre,  quae  non  multo 
minor  exiftere  debuiffiet  tribus  diametris  Solis. 

Comparationem  inffiitui  hujus  Cometae  cum  aliis,  &  invenio  Come¬ 
tam,  quem  Regiomontanus  anno  1472  vel  1475.  menfe  Jan.  &  Febr . 
obfervavit,  viam  tenuiffie  non  multo  diverfam  a  via  noffiri  Cometae  ; 
tranfiit  enim  per  Urfam  minorem  &  Cephei  femora,  per  pe&us  vel 
collum  Caffiopeae  &  cingulum  Andromedae  ;  ac  velocitas  ejus  maxi¬ 
ma  uno  die  fuit  40  grad.  Anno  1556,  alius  Cometa  eft  obfervatus, 
cujus  Nodos  Camerarius  in  n°  &  r  ponit,  &  qui  prope  pedes 
Urfas  minoris,  per  Cepheum,  fupra  Calliopeam,  &  per  partes  fupe- 
riores  Andromedae  tranfiit,  motu  valde  veloci  in  Perigaeo.  Quod  fi 
Regiomontanus  Cometam  anno  1475  obfervavit,  (  de  quo  tamen  A- 
ftronomi  valde  dubitant )  admirabilis  effiet  convenientia  inter  hofce 
tres  Cometas:  intervallum  enim  prioris  a  medio  effiet  81  annorum, 

&  a  medio  Cometa  ad  ultimum  162  ann.  ut  ita  revolutio  Cometae 
poffiet  effiet  8 1  annorum  i  nec  etiam  Hiftoria  aliorum  Cometarum 
hifce  male  refponderet. 


The  final  1  Comet  which  was  feen  in  thefe  Parts  of  Europe,  in  the  .1  oyervi  • 
Months  of  October,  November ,  and  December,  1723.  was  Jfirft  ob-  ou  ut onTco- 
ferved  in  England  by  Di*.  Halley,  on  October  9.  between  7  and  8  of  met Jeen  »723, 
the  Clock  in  the  Evening  ;  it  appearing  then  to  the  naked  Eye  not  bEthL  Rev' 
much  unlike  a  Star  of  the  third  Magnitude.  Looking  at  it  through 

a  Te-  41, 
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a  Telefcope,  he  faw  fome  fmall  Telefcopical  Scars  near  it,  whofe 
Situation  he  noted  together  with  the  Comet’s,  in  order  to  fee  which 
way  it  tended.  About  9  he  again  viewed  the  Comet,  and  found  it 
confiderably  moved  from  its  former  Station,  having  now  pafifed  a 
fmall  Star,  which  at  the  time  of  the  firft  Obfervation  was  on  the  o- 
ther  fide  of  it.  Comparing  the  two  Situations  of  the  Comet  toge¬ 
ther,  he  perceived  that  its  apparent  Motion  at  that  time  was  about 
8  or  9  Minutes  in  an  Hour,  in  a  Diredtion  towards  Sagitta  •,  and 
that  the  Comet  pa  fled  very  near,  if  it  did  not  wholly  eclipfe  the 
forementioned  fmall  Star,  whofe  place  he  afterwards  found  to  be  in 
—  7°  22'  15"  with  5q  2'  N.  Latitude.  From  the  Situation  of  the 
Comet  at  the  time  of  the  firft  Obfervation,  he  judged  that  it  was  in 
Conjunction  with  the  Star  at  8  h.  5'.  equal  Time.  Note  that  the  e- 
qual,  and  not  the  apparent  Time,  is  like  wife  made  ufe  of  in  all  the 
following  Obfervations. 

o  * 

The  next  Day  he  was  pleafed  to  communicate  to  me  the  Subftance 
of  what  he  had  obferved,  whereby  I  was  enabled,  the  Night  follow¬ 
ing,  to  fee  the  Comet  at  Wmfted.  The  Clouds  hindered  me  from 
obferving  it  in  the  manner  that  I  had  defigned  ;  but  I  had  Time 
enough  to  meafure  its  Diftance  ( with  a  Micrometer  in  a  Telefcope 
of  7  Foot)  from  a  Star  in  Aquarius ,  marked  €  by  Bayer.  At  6  h . 
21'  the  obferved  Diftance  between  this  Star  and  the  Comet  was  iQ 
13'  53/;,  and  a  great  Circle  paffing  through  the  Star  and  Comet, 
made  an  Angle  with  the  Vertical  Circle  of  6oQ\.  The  Comet 
was  more  foutherly  and  wefterly  than  the  Star.  By  this  Obfervation 
the  Comet  preceded  the  Star  in  Right  Afcenfion  i°  3'  50"  being 
39'  5/y  more  Southerly  •,  fo  that  the  Comet’s  Right  Afcenfion  was 
307°  6'  40/7  and  its  Declination  n°  8'  15"  S. 

The  Place  of  s  here  affumed  is  according  to  the  Britijh  Cata¬ 
logue,  as  are  alfo  the  Places  of  the  other  Stars  hereafter  mentioned 
from  which  the  Comet  was  obferved.  The  Right  Afcenfions  and 
Declinations,  which  are  here  fet  down,  of  feveral  fmall  Stars  that 
are  not  in  that  Catalogue,  were  determined  by  obferving  the  Diffe¬ 
rences  of  Right  Afcenfton  and  Declination  between  thofe  fmall  Stars 
and  others  that  were  in  the  Catalogue,  and  had  nearly  the  fame 
Declinations. 

The  fame  Evening,  at  7  h.  3'  a  fmall  Star  that  was  more  eafter- 
ly  than  the  Comet,  and  had  about  the  fame  Declination  with  it, 
was  diftant  from  it  35'  4o7/.  About  the  fame  time  another  fmall 
Star  that  had  nearly  the  fame  Right  Afcenfion  with  the  Cornet,  but 
was  more  foutherly,  was  diftant  from  it  39'  58^  The  Places  of  thefe 
two  Stars  I  have  not  yet  obferved. 

The  next^  Night  proved  cloudy,  fo  that  I  could  not  fee  the  C6- 
met  again  till  October  12.  when  the  Air  being  very  ferene  and  clear 
we  had  an  Opportunity  of  comparing  it  with  two  or  three  fmall  Stars 
that  were  near  it ;  my  Uncle,  the  Reverend  Mr.  Pound ,  aftifting  in 
this  and  moft  of  the  following  Nights  Obfervations,  At 
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At  y  h.  22'  a  fmall  Star,  whofe  Right  Afcenfion  was  found  304* 
40'  23/y  and  its  Declination  y°  S'  22"  S.  preceded  the  Comet  in 
Right  Afcenfion  26'  21 H  being  io'  4277  more  Northerly.  Hence 
the  Comet’s  Right  Afcenfion  was  305°  6'  44^  and  its  Declinati¬ 
on  70  19' 4/y  S. 

At  8  h.  50'  the  Comet  was  in  the  fame  Parallel  of  Declination 
with  another  fmall  Star,  whofe  Right  Afcenfion  was  found  305° 
9/  56"  and  its  Declination  y°  13'  2077  S.  and  preceded  the  faid 
Star  6'  2077  in  Right  Afcenfion.  Hence  the  Right  Afcenfion  of  the 
Comet  was  305°  3'  3  d77  and  its  Declination  y°  13'  2077  S.  Thefe  Ob¬ 
fervations  were  made  with  a  Telefcope  of  15  Foot  furni  Hied  with  a 
Micrometer,  as  were  alfo  all  thofe  of  the  following  Nights. 

The  next  Night,  October  13.  6h.  58'  the  Comet  followed  a  fmall 
Star,  4'  1077  in  Right  Afcenfion,  being  more  Northerly  than  the  Star 
11'  4577.  The  Clouds  did  not  permit  us  to  obferve  the  Place  of 
this  Star ;  but  its  Right  Afcenfion  muft  be  about  304°  22' and  its 
Declination  6°  10'  S. 

October  14.  the  Comet  was  near  two  Stars  which  are  the  66th  and 
67th  of  Aquila  and  Antinous  in  the  Britijh  Catalogue,  and  at  8h  57' 
it  followed  the  fouthermofb  of  them  20'  3  y"  in  Right  Afcenfion,  be¬ 
ing  29'  S"  more  foutherly.  Hence  the  Comet’s  Right  Afcenfion  was 
303  0  49'  io77  and  its  Declination  40  43'  5  47/S. 

October  15.  6h  3-5'  the  Comet  preceded  the  northermoft  of  the  faid 
Stars  23'  6"  in  Right  Afcenfion,  being  more  foutherly  than  the  Star  4' 
i57/.  Hence  the  Right  Afcenfion  of  the  Comet  was  303  0  24'  4077. 
its  Declination  3°  51'  3 77  S. 

October  21.  6h  22'  a  fmall  Star,  whofe  Right  Afcenfion  was  found 
301°  7'  1  777,  and  its- Declination  oQ  iV  50 77  S.  preceded  the  Comet 
41'  6"  in  Right  Afcenfion,  being  5’  5  o77  more  foutherly.  Hence  the 
Comet’s  Right  Afcenfion  was  301 0  48'  22."  and  its  Declination  o° 
6'  07'  &  ® 

October  22.  6h  24'  a  fmall  Star,  whofe  Right  Afcenfion  was  found 
301°  39'  4777  and  it  Declination  0'  32'  43"  N.  followed  the  Co¬ 
met  i  a  Minute  in  Right  Afcenfion,  being  13'  43^  more  northerly. 
Hence  the  Comet’s  Right  Afcenfion,  was  301°  39'  i7/7  and  its  De¬ 
clination  o°  19'  o"  N. 

October  24.  8h  2'  a  fmall  Star,  whofe  Right  Afcenfion  was  found 
301°  24'  5777  and  its  Declination  i°  9'  22^  N.  preceded  the  Comet 
o'  3777  in  Right  Afcenfion,  being  5'  1277  more  Northerly.  Hence 
.the  Comet’s  Right  Afcenfion  was  301 0  25'  34 77  ;  and  its  Declination 
i°  4'  io77  N. 

October  29.  8h  56  a  fmall  Star,  whofe  R^ght  Afcenfion  was  found 
3°}°  6'  2077  and  its  Declination  20  51'  o"  N.  preceded  the  Comet  one 
Minute  in  Right  Afcenfion,  being  23'  4077  more  Northerly.  Hence 

the  Comet  s  Right  Afcenfion  was  391°  7 '  2o7/  and  its  Declination  20 
27'  2077  N. 

*  u 
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0 Either  30.  6h  20'.  The  fame  Star  had  exadtly  the  fame  Right 
Afcenfion  with  the  Comet,  being  11'  33"  more  Northerly.  Hence 
the  Comet’s  Right  Afcenfion  was  301°  6'  20"  and  its  Declination  20 

39'  2  7/;  N. 

November  5.  5h  53'  a  fmall  Star,  whofe  Right  Afcenfion  was  found 
300°  35'  00"  and  its  Declination  30  45'  30^  N.  preceded  the  Comet 
33'  o"  in  Right  Afcenfion,  being  2'  8/;  more  Southerly.  Hence  the 
Comet’s  Right  Afcenfion  was  301°  8'  o"  and  its  Declination  30  47' 
38^  N. 

November  8.  yh  6'  a  bright  Star  ( placed  by  Hevelius  in  Rojlro  A- 
quilcz ,  but  not  inferted  in  the  Britijh  Catalogue  )  whofe  Right  Af¬ 
cenfion  at  this  time  was  found  302°  21'  30"  and  its  Declination  40  28' 
40"  N.  followed  the  Comet  i°  7'  40"  in  Right  Afcenfion,  being 
13'  3/7  more  Northerly.  Hence  the  Comet’s  Right  Afcenfion  was 
30 1 u  13'  so"  and  its  Declination  40  15'  37^  N. 

November  14.  6h  20'  a  Star,  whofe  Right  Afcenfion  was  found 
30ic  27'  10"  and  its  Declination  40  59'  40/;  N.  preceded  the  Comet 
5'  35^  in  Right  Afcenfion,  being  5'  5 o 7/  more  Southerly.  Hence  the 
Comet’s  Right  Afcenfion  was  301°  32^  45"  and  its  Declination  5°  5' 
30/;  N. 

This  was  the  lad  Time  that  I  obferved  the  Place  of  the  Comet 
’till  after  the  Full  Moon  ;  my  Affairs  calling  me  to  Oxford,  where  I 
had  no  Convenience  for  making  fuch  Oblervations. 

Dr.  Halley  and  Mr.  Graham  continued  to  obferve  the  Comet  ’till 
November  20  •,  and  according  to  both  their  Obfervations  that  Even¬ 
ing  at  7h  45'  the  Comet  followed  0  in  Collo  Aquilce  6Q  33'  $5"  in 
Right  Afcenfion,  being  about  4'  more  Northerly  than  the  Star. 
Hence  the  Comet’s  Right  Afcenfion  was  301°  59'  50"  and  its  Decli¬ 
nation  50  48'  55/;  N. 

The  Light  of  the  Moon  daily  increafmg,  prevented  them  from 
makingcany  more  Obfervations,  the  Comet  being  by  this  time  grown 
fo  faint,  as  to  become  in  a  manner  imperceptible  while  the  Moon 
fhone  bright-  And  the  faint  Appearance  which  it  made  before  the 
Moon  obftructed  the  Sight  of  it,  gave  little  Hopes  of  its  being  to 
be  feen  again  after  the  Full  Moon.  Notwithstanding  which  on 
December  3.  (being  then  near  Cirencefter  in  Glocefterjhire  )  I  was 
tempted  by  the  Serenity  of  the  Evening,  and  the  Ule  of  a  very  good 
Telefcope  of  10  Foot,  to  look  for  it  again  before  the  Moon  role  ; 
and  I  found  it  among  fome  fmall  Telefcopical  Stars  ;  but  it  appear’d 
fo  faint  and  dull,  as  made  it  doubtful,  whether  what  I  took  for  the 
Comet  mio-ht  not  be  a  fmall  Star  with  a  little  Hazinefs  about  it. 
But  this  Doubt  was  cleared  two  Nights  after  ;  when  I  perceived  that 
the  Comet  was  moved  from  its  former  Situation,  towards  a  bright 
Telefcopical  Star,  from  which  I  afterwards  took  its  Difference  of 
Right  Afcenfion  and  Declination,  upon  my  Return  to  Wanfted ,  on 

Dec,  7.  This  Star’s  Right  Afcenfion  was  then  found  303°  39'  20" 

and 
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and  its  Declination  70  32'  3c/  N.  And  Decemb .  7.  61»  45'  the 
Comet  followed  it  3'  i5/7  in  Right  Afcenfion,  being  14'  more  Nor¬ 
therly  than  the  Star.  Hence  the  Comet’s  Right  Afcenfion  was  303 
42'  35/7  and  its  Declination  7°  46'  30^  N. 

This  was  the  lad  Night  that  I  faw  the  Comet,  though  I  believe  I 
might  have  continued  to  have  obferved  it,  had  not  an  uninterrupted 
Succeftion  of  cloudy  Evenings  prevented  fo  long,  that  it  became  un¬ 
certain  where  to  look  for  it. 

The  forementioned  Obfervations  are  the  Principal  of  all  that  were 
made  at  fVanfted  •,  and  mod  of  them  being  taken  from  Stars  which 
are  not  in  the  Britijh  Catalogue,  whofe  Places  therefore  are  here 
determined,  only  by  comparing  them  with  fome  that  were  ;  it  can¬ 
not  be  fuppofed  that  the  Comet’s  Places  deduced  from  them  are  al¬ 
together  exadt.  For  which  Reafon  I  have  all  along  fet  down,  not 
only  the  Place  of  the  Comet  and  Star  where  it  was  known,  but  alfo 
the  Particulars  of  the  Obfervation,  that  if  any  hereafter  fhould  be 
willing  to  examine  the  Track  of  this  Comet  more  nicely,  they  may 
know  where  to  find  the  Stars  from  which  it  was  obferved.  The 
Places  of  the  Stars  here  fet  down  are  abundantly  fufficient  for  that 
Purpofe,  as  will  appear  from  the  following  Table,  which  contains 
the  Longitudes  and  Latitudes  of  the  Comet  deduced  from  the  fore¬ 
going  Obfervations,  together  with  the  Places  of  the  Comet  calcula¬ 
ted  from  the  Theory  of  Gravity,  for  the  Times  of  Obfervation  on 
the  feveral  Days  therein  mentioned,  as  alfo  the  Differences  between 
the  obferved  and  computed  Places.  Thofe  Differences  not  exceed¬ 
ing  one  Minute,  fhew  that  the  Obfervations  are  not  only  confonant 
to  each  other,  but  that  the  Places  of  the  Stars  are  likwife  near  the 
Truth,  fince  the  Comets  Places  deduced  from  them  are  found  all  a- 
long  to  agree  fufnciently  near  with  the  Theory  of  Gravity  ;  the 
Truth  of  which  having  long  fince  been  eftablifh’d  by  its  great  Au¬ 
thor  Sir  Ifaac  Newton ,  and  my  worthy  Collegue  Dr.  Halley ,  needs 
not  the  Confirmation  of  fo  ffiort  a  Series  of  Obfervations  as  was 
made  of  this  Comet.  But  fhort  as  it  is,  I  prefume  ’twill  be  no 
eafy  Matter  to  account  for  the  Obfervations  with  the  fame  Degree 
of  Exadlnefs  any  other  way,  than  by  that  Theory,  according  to 
which  the  following  Computations  are  made. 
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In  order  to  determine  the  Orbit  of  this  Comet,  I  fuppofed  it  to 
defcribe  a  Parabolas. greeable  to  what  is  delivered  in  the  third  Book 
of  Sir  Ifaac  Newton's  Princip.  Math,  and  then  I  found  the  Inclinati¬ 
on  of  the  Planes  of  the  Orbit  and  Ecliptick  490  59c  The  Place  of 
the  Afcending  Node  T  140  16'.  The  Place  of  the  Perihelion  b  120 
52'  2o/y.  The  Diftance  of  the  Perihelion  from  the  Node  28°  36'  2o/;. 
The  Logarithm  of  the  Perihelion  diftance  9.999414.  The  Loga¬ 
rithm  of  the  Diurnal  Motion  9.961007.  The  Time  of  the  Comet’s 
being  in  its  Perihelion,  Sept.  16.  1 6h  io*  equal  Time.  In  its  Orbit 
thus  fituated,  the  Motion  of  the  Comet  was  Retrograde  or  contrary 
to  the  Order  of  the  Signs.  .•  < 

From  thefe  Elements,  by  the  Help  of  Dr.  Halley's  general  Table 
for  Comets  (to  which  they  are  adapted  )  I  computed  the  Places  in 
the  foregoing  Table  ;  which  agreeing  with  the  obferved  Places  as  near 
as  the  Obfervations  themfelves  agree  one  with  another,  fhew  that  it 
would  be  a  vain  Attempt  to  pretend  to  determine  the  true  E  Hi  pie  in 
which  this  Comet  moves,  or  its  Periodical  Revolution,  from  fo  fmall 
a  Part  of  its  Orbit  as  that,  was,  which  it  defcribed  between  the  firft 
and  laft  of  the  foregoing  Obfervations  *,  this  therefore  muff  be  left  to 
Pofterity,  efpecially  fince  it  is  certain,  that  this  Comet  is  not  one  of 
thofe  of  which  Obfervations  have  hitherto  been  tranfmitted  to  us, 
fufacicnt  to  determine  the  Situation  of  their  Orbits. 

The  Nucleus  of  this  Comet  was  very  little,  for  it  appeared  but  of 
a  fmall  Diameter  when  I  firft  law  it,  although  it  was  then  above 
three  times  nearer  to  the  Earth,  than  the  Sun  is  at  its  mean  Diftance. 
Its  Tail  was  then  hardly  difcernable  with  the  naked  Eye,  but  tlmo* 
a  Telefcope  one  might  perceive  a  faint  Light  extending  itfelf  above 
a  Degree  from  the  Body  I  have 
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I  have  not  yet  heard  that  this  Comet  was  feen  before  Oflober  6.  al¬ 
though  it  was  in  a  proper  Situation  to  have  been  obferved  in  the 
Morning,  moft  part  of  September ,  efpecially  from  the  Time  it  was 
in  its  Perihelion,  ’till  near  the  End  of  that  Month.  For  about  that 
Time  it  crofted  the  Milky-way  between  the  Maft  of  the  Ship  and 
the  Head  of  the  great  Dog,  palling  between  the  bright  Stars  in  the 
Body  and  Tail  of  the  great  Dog,  towards  the  Head  of  the  Dove, 
where  it  was  about  Septe?nber  29.  being  by  that  time  got  fo  far  to¬ 
wards  the  South  Pole,  as  not  to  rife  above  our  Horizon.  From 
thence  it  palTed  under  the  Tail  of  Xiphias  within  about  150  of  the 
South  Pole  of  the  Ecliptick  ;  and  moving  on  between  the  Head  of 
Hydras  and  the  bright  Star  in  Eridanus  called  Acharnar ,  it  went  by 
the  Stars  in  the  Body  and  Neck  of  the  Crane  about  October  5.  when 
it  came  again  above  our  Horizon.  From  hence  palling  under  the 
Tail  of  the  Southern  Fifh,  and  between  the  Stars  in  the  Shoulder  of 
Capricorn ,  it  eroded  the  Ecliptick,  Oftober  8.  in  about  8°  ~  of 
Aquarius.  From  thence  it  moved  on  by  the  Hands  of  Aquarius 
and  Antinous  towards  the  Head  of  the  Eagle  ^  according  to  its 

Courfe  before  deferibed.  -  '  1 .  * 

The  Comet  was  in  Oppofition  to  the  Sun  Oftober  1.  when  it  had 
near  740  Southern  Latitude,  and  altered  its  Longitude  two  Signs 
in  a  Day.  About  Ottober  3.  it  was  in  ‘its  Perigseon,  or  neared 
Diftance  to  the  Earth,  being  then  almoft  ten  times  nearer  to  it  than 
the  Sun  is  at  its  mean  Diftance  *,  and  its  apparent  Motion  was  then 
about  200  in  a  Day,  and  when  Ilaft  faw  it,  ’twas  -above  twice  as 
far  off  as  the  Sun. 

Flis  Lordlhip  being  at  JVitham  in  EJfex ,  where  he  had  the  Ad-  2j  obferva - 
vantage  of  a  very  clear  Sky,  firft  difeovered  this  Comet  on  Friday  tions  of  the 
the  I  Ith  of  October  laft  about  7  in  the  Evening  ;  it  then  appeared  fame  at  Wit- 
not  much  unlike  a  Star  of  between  the  4th  and  5th  Magnitudes,  but 
a  Hazinefs  round'  the  Head,  and  fome  Light  dreaming  from  it  on  that  fhe  Lorj  paj£ 
Side  that  was  oppofite  to  the  Sun,  induced  him  immediately  to  look  ley.  N<?  382. 
upon  it  as  a  fmall  Comet ;  which  his  Obfervation  the  next  Evening  p.  50. 
abundantly  fatisfy’d  him  of.  His  Lordlhip  was  very  particular  in 
the  Notice  he  took  of  its  Appearance,  and  was  pleafed  to  commu¬ 
nicate  the  three  curious  annexed  Figures  [Fig.  109,  1 10, 1 1 1.]  of  it, 
reprefenting  it  on  three  feveral  Nights,  viz.  the  1  ith,  13th  and  15th  F1g-109.no, 
of  the  fame  Month  ;  fome  time  after  which  the  Tail  became  fo  in-  IIK 
confiderable  as  hardly  to  deferve  any  farther  Defcription  ;  as  will 
be  readily  judged  from  the  Decreafe  of  it  between  the  nth  and 
15th  Days  of  the  Month.  The  Tail  was  viftble  on  the  1  ith  to 
near  a  Degree’s  Diftance  from  the  Body,  as  his  Lordlhip  found  by 
comparing  it  with  fome  known  Diftances  in  the  Heavens  ;  it  was  of 
a  dulky  Light  not  unlike  a  Cloud  growing  darker  and  darker  to¬ 
wards  its  Extremity,  as  is  exprefs’d  in  the  firft  Figure,  where,  as  well 

M  m  2  : '  4  as 
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as  in  the  two  following,  the  white  Speck  in  the  Head  is  intended  to 
exprefs  the  Brightnefs  of  a  fmall  Star  •,  from  the  Comparifon  of 
which  with  the  Tail  the  Brightnefs  of  the  latter  may  in  fome  fort  be 
collected  :  The  Tail  appear’d  fharper,  and  not  fo  much  fpread  in 
the  two  following  Obfervations,  and  in  the  laft  did  not  exceed  one 
third  Part  of  the  firft  Length;  it  was  then  of  a  much  darker  Co¬ 
lour,  which  made  the  Difference  between  that  and  the  Head  more 
obfervable,  the  Head  yet  appearing  fufficiently  bright.  For  fome 
following  Nights  his  Lordfhip’s  Obfervations  were  interrupted  by 
cloudy  Weather,  after  which  the  Comet  was  fo  far  diminifh’d,  as  on¬ 
ly  to  be  known  by  its  Motion,  its  Appearance  being  no  ways  diftin- 
cruifhable  from  that  of  a  fmall  nebulofe  Star. 

o 

3]  The  fame  Die  17  Oftobris,  poftquam  Jovialium  Comitum  fitum  obfervaffem 
obferved  at  forte  in  Conftellationem  Capricorni  oculos  conjeci ;  cumque  aftra  fin- 
Atoaiio,  by  puja  percurrerem,  in  quandam  veluti  nebulofam  ftellam  incidi,  cae~ 
anchini,  and  teris  iane  grandiorem,  quam  tamen  ibidem  Joci  nunquam  antea  ob- 
nt  Lisbon,  by  fervaram.  Rei  novitatem  perfcrutaturus,  eo  Telefcopium  direxi,  fta- 
F.  Carbone  timque  Cometen  effe  deprehendi ;  fiquidem  tenuifiimae  nebulae  globus 
and  Dornin.  apparujr?  ejufque  in  medio  veluti  lucidus  nucleolus.  Idem  quoque 
NaQF3g°2i  p'  nudis  oculis  dilcernere  licuit  *,  &  praeter  nebulam,  feu  Cometae  at- 
51/  *  mofphaeram,  brevem  quoque  caudam,  quae  ad  orientem  vergebat, 

F-  I2  eratque  hujufmodi.  [Fig.  112.]  ^ 

Ne  me  igitur  ea  occafio  praeteriret,  confuetas  circa  illum  obferva- 
tiones  inftitui,  ut  ejus  Longitudinem,  Latitudinem,  propriumque 
motum  deprehenderem. 

Et  quidem  prima  nodte,  (die  nempe  17  fupradidta, )  tranfiit  per 
Meridianum  ( qui  pene  cum  Romano  coincidit)  circa  horam  fepti- 
mam  44'  poft  Merid.  ejufque  diftantia  a  Zenith,  69°  29'. 

Hora  8.  1 1 '  30^  diftantia  Cometae  a  F ornabant  Aquarii ,  intercepta 
eft,  200  33'  &  hora  8.  17'  30"  difcabat  a  Stella  in  humero  dextro 
Aquarii ,  210  8'.  Proindeque  verfabatur  Cometes  in  nQ  54'  A- 
quarii ,  cum  Latitudine  Auftrali  ab  Ecliptica  110  10'  circiter. 

Die  21.  erat  adeo  proximus  Stellae  i  in  Lino  fupra  manum  fini- 
ftram  Aquarii ,  quam  ipfa  s  eft  proxima  Sellae  /jt  minori  in  eodem 
Lino,  conftituebatque  Cometes  cum  utraque  Stella  s,  ^  redtam  Li¬ 
neam,'  fic  [Fig.  113.3  Ex  hac  igitur  obfervatione,  &  ex  Afcenfionis 
Fig.  113.  j-e&je  nec  non  declinationis  differentia  inter  Cometen,  &  fupradidtam, 
Stellam  €  quam  diligentiffime  obfervavi,  infertur  locus  Cometae  fuilfe 
in  6°  4 5'  Aquarii  cum  Latitudine  Boreali  ab  Eclipt.  8°  5'. 

Hinc  etiam  infertur  qualis  Cometae  motus  proprius  fuerit,  &  quale 
iter  •,  per  planum  fcilicet  circuli  maximi  fecantis  Eclipticam  in  gradu 
9  Aquarii ,  Sc  conftituentis  cum  eadem  Ecliptica  angulum  80  gra¬ 
duum  circiter. 

Reliquis  diebus  eadem  femper  proportione  movebatur,  magifque 
in  dies  elongari  a  terra  vifus  eft. 


Paral- 
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Parallaxim  nullam  fenfibilem,  etfi  pluries  intentaverim,  depre¬ 
hendere  potui  i  proindeque  maxima  ejus  didantia  a  terra  creden¬ 
da  eft. 

Hadlenus  Illudriflimus  Dominus  Francifcus  Bianchini  in  Mathema¬ 
ticis  Scientiis  apprime  eruditus,  &:  in  obfervando,  quoad  noverim, 
accuratiffimus.  Ejus  obfervatio  a  nodra,  mea  fcilicet,  ac  Prioris 
Dominici  CapaJJl  vix  in  uno  aut  altero  minuto  quoad  latitudinem  di  In¬ 
crepavit,  caeteriim  omnino  conformis.  Quapropter  nec  illam  hic  ar¬ 
bitror  apponendam. 


In  the  Month  of  October  1723,  being  riding  at  Bombay,  a  Bright- 
nefs  in  the  Heavens  appeared  in  a  Right  Line,  (or  but  very  little 
to  the  Eadward  of  one )  with  Lyra  and  the  Bright  Star  in  the 
Eagle ,  being  about  §o°  didant  from  the  lad  ;  and  on  Monday  the 
7th  following  it  had  advanced  io°  toward  the  Eagle,  moving  to¬ 
wards  it  in  the  forementioned  Direction,  from  the  S.  E.  Quarter. 
I  took  the  following  Didances  between  9  and  10  at  Night,  as  in 
this  Table. 


4]  The  fame 
obferved  at 
Bombay,  by 
Mr.  William 
Saunderfon. 

N°  397-  P- 
213. 


Odlober. 


Did.  from  the 
Eagle's  Heart. 


Days. 


1 

2 

3 


7 

10 

1 1 


4 

5 

6 


J3 

i5 

*9 


40 

23 

20 

i7 

14 

1 1 


4°j 


At  fird  it  looked  only  like  one  of  the  White  Spots  called  the  Ma¬ 
gellanic  Clouds,  the  Space  filling  the  Field  of  a  Six-foot  Glafs.  Af¬ 
terwards  I  faw  the  Head  in  the  Center  of  the  illuminated  Space, 
which  did  not  look  with  much  Brightnefs  *,  but  appeared  larged  on: 
the  10th  of  Odlober,  decreafing  gradually  both  in  its  Bulk  and  Mo¬ 
tion  from  that  time  until  the  25th,  at  which  time  1  could  find  no  Ap¬ 
pearance  of  it  with  the  forementioned  Glafs.  N.  B.  From  the  20th 
to  the  25th  it  had  nearly  the  fame  Place  in  the  Heavens,  feeming  to 
move  dire&ly  from  the  Earth. 


The  29th  of  February,  at  about  half  an  Hour  pad  ten  at  Night,  \*Hntn0fC~ 

I  judge  (  having  a  good  Oblervation  at  Noon  )  we  were  in  Lat.  34°  met  d£n  peb* 
2b'  South,  and  Long.  i2Q  35'  Wed  from  Cap z  Bonne -Efperance,  the  2g,  173^,  by 
Moon  fhining  very  bright,  being  near  the  Full,  we  faw  iomething  TWjr-  J.  Dove, 
very  bright  rife  about  Wed,  which  1  judge  to  be  a  Comet  :  It  let  * ’  425-  A 

about  Ead,  palling  from  Wed  to  Ead  in  about  five  Minutes,  be¬ 
tween 
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tween  the  Moon  and  our  Zenith,  and  to  the  Southward  of  Spica 
Virginis  %  it  carried  a  Stream  of  Light  after  it  about  40°  long,  and 
iQ*ov  iq  i  broad*,  the  Brightnefs  of  the  Moon  outfhined  the  Co¬ 
met  as  it  came  near  it. 


XL1I. 

An  Account 
of  a  Book  en¬ 
titled,  Hefpe- 
ri  &  Phofpho* 
ii  nova  Phe¬ 
nomena,  &c. 
an  ft  ore  Fran. 
Elanchino,  by 
J.  Hadley, 
Efq'i  V.  P. 

N°  410.  p. 
158. 


The  Defign  of  this  Treatife,  is  to  give  an  Account  of  fome  new 
Aftronomical  Difcoveries  relating  to  the  Planet  Venus,  which  the  Au¬ 
thor  difpofes  under  four  Heads  \  viz, 

1.  The  Defcription  of  the  dufky  Spots  obferved  in  her  Difk. 

2.  Her  Rotation  round  an  Axis,  the  Pofition  of  which  is  deter¬ 
mined  by  the  apparent  Motion  of  thofe  Spots,  together  with 
the  Time  of  her  Revolution. 

3.  The  Parallelifm  of  that  Axis  to  itfelf  in  all  Parts  of  the  Pla¬ 
net’s  Orbit. 

4.  Obfervations  in  order  to  determine  the  Horizontal  Parallax  of 
Venus ,  and  confequently  thofe  of  the  Sun  and  other  Planets. 


He  takes  Notice  of  five  remarkable  Sports  in  her  whole  Surface, 
the  two  fmallePc  of  which  are  placed,  one  near  each  Pole,  the  other 
three  lie  along  the  ^Equator,  and  cover  good  Part  of  a  Zone,  ex¬ 
tended  to  about  30  Deg.  of  Latitude  on  each  Side.  He  reprefents 
them  to  be  much  like  the  larger  dark  Spots  in  the  Moon,  which  are 
ufually  called  Seas,  but  confiderably  fainter,  fo  as  not  to  be  eafily 
difcernable  even  to  a  fharp-fighted  Obferver,  without  the  Afliftance 
of  a  Telefcope,  capable  of  reprefenting  diftinctly  the  Planet  under 
an  Angle  equal  at  lead  to  that  under  which  the  Moon  appears  to  the 
naked  Eye,  and  with  an  Aperture  of  3  or  4  Inches  of  the  Roman 
Palm.  He  then  proceeds  to  give  the  Defcription  of  a  Machine  con¬ 
trived  by  him  to  reprefent  to  the  Sight  the  Motion  of  the  Earth  and 
Venus  in  their  Orbits,  and  by  the  Means  of  a  Lamp  placed  in  the 
Center,  to  fhew  the  Phafes  of  the  Planet,  and  Appearance  of  the 
Curve  Lines  defcribed  by  the  Revolutions  of  the  Spots  round 
the  Axis. 

This  Revolution  he  makes  greatly  different  from  thofe  of  the  Earth 
and  Mars  ( the  two  Bodies  next  in  order  of  the  Planetary  Syftem ) 
both  in  the  Pofition  of  the  Axis  and  Time  of  the  Period.  He  places 
the  Colurus  Solftitiorum ,  or  Plane  paffing  through  the  Axis  of  the 
Planet  and  Tropical  Points  of  its  Orbit,  about  the  20th  Degree  of 
Leo  and  Aquarius ,  and  gives  the  Planes  of  its  iEquator  and  Ecliptick 
an  Inclination  to  each  other  of  about  75  Degrees.  He  determines 
the  Time  of  the  Revolution  to  be  about  24  Days  and  8  Hours, 
inftead  of  23  Hours,  as  it  has  been  generally  taken  to  be  from  fome 
Obfervations  made  by  Mr.  Cajjini  in  the  Year  1 666  and  1667,  but 
which  he  himfelf  did  not  feem  much  to  rely  on.  Now,  both  thefe 
Periods  may  be  very  confident  with  the  fame  Obfervations,  provid. 
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ed  that  one  of  the  Obfervers  did  not  continue  his  Obfervations  for 
any  considerable  Time  at  once.  For  if  the  exact  Situation  of  any 
Spot  be  obferved  at  any  given  Hour  one  Day,  and  at  the  fame  Hour 
the  Succeeding  Day  be  found  advanced  about  15  Degrees  or  of 
the  whole  Revolution,  it  may  (till  remain  doubtful,  whether  the  Spot 
has  moved  only  through  thofe  15  Deg.  in  that  Day,  or  has  made  one 
or  more  entire  Revolutions  befides  in  that  Time.  This  the  Author 
was  aware  of,  and  therefore  waited  for  an  Opportunity  of  attending 
to  the  Motion  of  a  Spot  as  long  at  once  as  the  Vicinity  of  Venus 
to  the  Sun  would  admit  of.  /Accordingly,  Feb.  26 ,  1726.  a  little 
after  Sun-fet,  he  obferved  a  Spot  near  the  Center  of  her  Difk,  where 
its  Motion  is  moft  perceptible  in  a  Short  Time,  and  about  3  Hours 
after,  perceived  the  fame  Spot  not  fenfibly  removed  ;  from  which  he 
concluded,  the  Period  of  its  Revolution  could  not  be  fo  Short  as  one 
Day,  Since,  if  it  were  fo,  the  Change  of  Place  of  the  Spot  nulfl 
have  been  very  fenfible  in  that  Time.  It  were  to  be  wiffied  the  Au¬ 
thor  had  had  Opportunities  of  confirming  this  Period  by  more  Obfer¬ 
vations,  efpecially  Since  it  was  necefTary  to  begin  them  Soon  after 
Sun-fet,  and  continue  them  till  Venus  was  near  the  Horizon  ;  the 
Strength  of  the  Twilight  in  the  firft  Cafe,  and  the  Thicknefs  of  the 
Atmofphere  through  which  the  Planet  muft  be  Seen  in  the  latter, 
rendring  the  Obfervations  very  difficult. 

The  next  Article  of  his  Obfervations,  is  the  Continuance  of  the 
Axis  in  the  fame  Parallel ifm,  through  the  whole  Orbit  of  the 
Planet.  This  is  fo  necefTary  and  obvious  a  Confequence  of  the 
eftablifhed  Laws  of  Motion,  that  there  needs  no  more  to  be  faid 
about  it. 

The  4th  Article  contains  an  Account  of  Some  Obfervations  made 
to  determine  the  Parallax  of  Venus  in  the  Year  1716.  The  Me¬ 
thod  he  ufed  for  this  Purpofe,  was  to  take  the  Several  Diftances  of 
Time  between  the  Appulfe  of  the  Limb  of  Venus  and  of  Regulus 
(  which  Star  She  pafs’d  by  about  that  Time  J  to  a  horary  Circle 
very  near  the  Meridian,  and  to  another  about  6  Hours  after, 
which  he  meafured  by  the  Pulfes  of  a  Watch,  of  which  143  went  to 
1  firft  Minute  of  Time.  He  like  wife  obferved  the  Alteration  of 
thofe  Distances  taken  at  the  fame  Hour  Several  Days  one  after  ano¬ 
ther,  and  allowing  a  proportional  Alteration  for  the  Time  between 
the  two  Obfervations,  he  computed  what  the  Difference  of  their 
right  Afcenfion  ought  to  have  been  in  the  latter  of  them,  if  there 
were  no  Parallax  *,  then  comparing  this  Difference  with  that  obferv¬ 
ed,  he  concluded  the  Disagreement  to  be  the  Parallax  of  right 
Afcenfion.  This  Method  the  Author  feems  to  depend  on  fo  much, 
as  to  think  that  an  equal  Degree  of  Exadtnefs  is  hardly  to  be  ex- 
pe&ed  from  any  other  hitherto  pra&ifed  :  But  if  we  confider  that 
the  whole  Parallax  of  right  Afcenfion  amounts  by  his  Obfervations 
to  no  more  than  4  Pulfes  of  his  Watch,  and  that  he  allows  a  Poffi- 

bility. 
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billty  of  an  Error  near  one  of  thofe  Pulfes  in  taking  each  of  the 
Tranfits,  it  is  evident  that  if  fuch  an  Error  be  adtually  commit¬ 
ted  in  each  of  the  Obfervations  on  which  the  finding  of  the  Pa¬ 
rallax  depends,  and  all  of  them  happen  to  confpire  the  fame  Way* 
the  Refult  of  all  together  may  pofiibly  be  greater  than  the  whole 
Parallax  found.  Upon  the  whole,  he  makes  the  Horizontal  Pa¬ 
rallax  of  Venus  at  that  Time  to  have  been  24"  20v/,  and  that  of 
the  San  i4/;  i8'/;;  but  as  he  takes  no  Notice  of  the  Latitude  of  the 
Place  in  deducing  the  Horizontal  Parallax  from  that  of  right  Afcen- 
fion,  they  both  ought  to  be  encreafed  on  that  Account  by  about  j, 
or  in  Proportion  of  3  to  4.  If  therefore  there  be  no  other  Miftake 
in  his  Numbers,  the  Horizontal  Parallax  of  the  Sun,  as  deduced 
from  his  Obfervations,  fhould  be  about  i9/;. 

He  concludes  with  giving  fome  Cautions  to  thofe  who  may  attempt 
hereafter  to  repeat  thefe  Obfervations,  both  in  Regard  to  the  Time 
proper  for  it,  and  the  Choice  and  Conflitution  of  the  Telefcope  to 
be  made  ufe  of.  For  greater  Eafe  of  the  Obferver,  there  is  at  the 
End  a  double  Table,  containing  the  Eleliocentric  and  Geocentric 
Motions  of  Venus  for  eight  Years  ;  after  which  Space  of  Time,  the 
Earth  and  Venus  return  very  nearly  to  the  fame  Situation. 

For  a  Telefcope  of  100  Roman  Palms  he  allows  an  Aperture  of  3 
or  4  Inches  of  that  Palm,  with  an  Eye-glafs  whole  focal  Length 
may  be  from  7  to  1 1  of  the  fame,  but  what  he  diredts  in  longer  In- 
flruments  to  increafe  the  Breadth  of  the  Aperture  and  focal  Length 
of  the  Eye-glafs  in  the  fame  Proportion  with  the  Inftrument,  mull 
certainly  be  the  EfFedt  of  fome  Miftake  :  For  in  this  Cafe,  a  longer 
Telefcope  will  magnify  no  more  than  the  fhorter,  but  only  have  the 
Strength  of  Light  in  the  Objedt  encreafed  in  Proportion  to  the 
Square  of  the  Length. 

An  Account  of  Books  and  Papers  omitted. 

i.  Hiftoria  Cceleftis  Britannica ,  tribus  voluminibus  contenta, 
Audtore  Joanne  Flamfteedio  Aftronomo  Regio. 

2:  A  Catalogue  of  the  Eclipfes  of  the  4  Satellites  of  Jupiter  for 
the  Year  1732.  by  James  Hodgfon ,  F.  R.  S.  and  Mafter  of  the 
Royal  Mathematical  School  at  Chrift's  Hofpital ,  London. 
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CHAP.  IV. 

SUR  VEY  I  N  G. 

fTHHAT  the  Air  Thermometer  is  alfo  a  Barometer,  has  bzzn  4  New  Con- 

1  obferved  Jong  ago  ;  and,  becaufe  the  Liquor  in  it  will  rife  and  trivfincefor 
fall,  as  well  by  the  Change  of  the  Weight  of  the  Air,  as  by  the  LJveU< 
Air’s  RarefaCtion  by  the  Heat  and  Cold,  this  Inftrument  has  no  p  T.^Dei Tgu. 
longer  been  made  ufe  of  as  a  Thermometer,  and,  in  its  Read,  Spirit  Hers, L.L.D.F. 
of  Wine  Thermometers,  hermetically  fealed,  have,  been  tiled  ever^-  s- 
fi  nee.  385- A  165. 

But,  becaufe  the  Errors  of  the  Air  Thermometer  (or  its  Difference 
from  the  Spirit  Thermometer  )  depend  only  upon  the  Change  of  the 
Weight  of  the  Atmofphere  from  what  it  was,  when  the  two  Ther¬ 
mometers  were  fet  at  the  fame  Degree  of  their  refpedlive  Scales  * 
the  late  Dr.  Hook  contrived  an  Inftrument,  that  he  called  a  Marine 
Barometer,  made  of  a  Combination  of  the  two  abovementioned  Ther¬ 
mometers  ;  in  fuch  Manner,  that  a  third  Scale  being  made  ufe  of,  to 
obferve  the  Difference  of  the  two  Thermometers,  thereby  the  Change 
of  the  Air’s  Gravity,  and  confequently  Storms,  Rains,  and  fair 
Weather,  might  be  foretold  at  Sea,  where  the  Quickfiver  Barometer 
becomes  ufelefs  by  the  fhaking  of  the  Ship. 

Dr.  Halley ,  has  in  the  Philofophical  Pranfa5lions,  propofed  Mr. 

Patrick's  pendent  Barometer  for  taking  the  Level  of  diftant  Places, 
becaufe  the  Mercury,  in  the  Tube  of  the  faid  Barometer,  does  fome- 
times  rife  and  fall  a  Foot,  or  a  Foot  and  a  Half ;  if  therefore  the 
Motion  of  the  Mercury  in  this  Barometer,  be  five  times  more  fenfi- 
ble  than  in  the  common  one,  tt*  of  an  Inch  of  Fall  of  the  Mer¬ 
cury,  will  anfwer  to  an  Height  of  18  Feet;  and  therefore  fuch  an 
Inftrument  might  be  of  Ufe  in  taking  the  Levels  of  diftant  Places. 

But  I  know  by  many  Experiments,  that  this  will  not  anfwer  in  Prac¬ 
tice  ;  becaufe  as  the  Tube  of  fuch  a  Barometer  is  of  a  very  fmall 
Bore,  the  Attraction  of  Cohefion,  whereby  the  Mercury  is  apt  to 
adhere  to  the  Tube,  will  difturb  the  Motion  of  the  Mercury  caufed 
by  the  different  Preflure  of  the  Atmofphere  \  fo  that  fetting  up  this 
Barometer  feveral  Times  fucceflively  in  the  fame  Place,  it  will  often 
differ  a  Tenth  of  an  Inch,  or  more  ;  and  if  it  be  fhaken,  as  is 
commonly  done  to  fet  it  right,  the  Mercury  will  fometimes  part, 
and  a  Drop  of  it  fall  from  the  reft  \  fo  that  it  is  Jefs  to  be  depended 
upon  for  this  Ufe,  than  the  common  Barometer. 

Mr.  Stephen  Gray  has  often  made  a  very  fenfible  Barometer.  Into 
a  Bottle  CB,  he  fixes  a  Tube  A  B,  of  a  very  fmall  Bore,  open  n ,  < 

N  n  at 


A  new  Contrivance  for  taking  Levels.  v 

at  both  Ends,  and  cemented  tight  to  the  Neck  of  the  Bottle  at  C;  then 
having  warmed  the  Bottle  with  the  Hand  to  drive  fome  of  the  Air  out 
of  it,  he  immerges  the  End  A  into  Water,  tinged  with  Cochineal ,  fo 
that  as  the  Air  cools  in  the  Bottle  CB,  fome  of  the  red  Water  is  forced 
into  the  Bottle  ;  then  letting  the  Bottle  upright  again,  the  Liquor  in  the 
Bottle  will  hand  at  B,  (  above  the  End  of  the  Tube  )  and  that  in  the 
Tube  at  D;  but  if  it  fhould  Hand  higher  or  lower  than  D,  it  may  be 
brought  to  that  Place  by  fucking  or  blowing  at  A.  If  the  Inftrument, 
thus  prepared,  be  firft  fet  on  the  Ground,  and  a  fpringing  Ring  of  fine 
Wire  dipped  on  the  Tube  down  to  D,  by  Way  of  Index,  and  then  fet 
upon  any  Table,  or  other  Place,  fcarce  a  Yard  higher,  one  may  obferve 
that  the  Liquor  is  rifen  fenfibly.  I  have  feen  it  rife  a  Quarter  of  an 
Inch,  when  the  Bottle  was  fet  but  a  Yard  higher  than  where  it  flood 
before  ;  fo  that  the  Column  of  Atmofphere,  that  preffed  down  the 
Tube,  whilfl  the  Machine  was  on  the  Ground,  being  fhortened  on¬ 
ly  three  Feet,  was  fo  overbalanced  by  the  Expanfion  of  the  Air  in 
the  Bottle  at  B,  that  the  Liquor  rofe  a  Tenth  of  an  Inch  above  D. 
There  is,  indeed,  a  great  Uncertainty  in  this  Inftrument  ;  for  fince 
it  is  a  Thermometer,  as  well  as  a  Barometer,  the  Warmth  of  the 
Hand  that  touches  it,  or  even  comes  near  it,  will  make  it  rife,  if  the 
Air  in  the  Bottle  was  cold  before.  Mr.  Gray  therefore  contrived 
to  put  the  Bottle  C  B,  into  the  Veffel  F  E,  which  he  filled  with 
Sand ;  that  in  raifing  the  Inftrument,  and  moving  it  up  and  down, 
the  Air  in  C  B  might  continue  in  the  fame  State,  and  the  Machine 
be  only  a  Barometer  during  the  Experiment. 

This  feems  to  bid  fair  for  an  Inftrument,  whereby  the  different 
Levels  of  Places  may  be  taken;  but  upon  a  nice  Examination,  it 
will  be  liable  to  Error.  For,  though  Sand  is  not  altered  in  its  Heat 
or  Cold  fuddenly  ;  yet  in  two  or  three  Hours,  as  it  is  carried  into 
a  warmer  or  a  colder  Place,  it  will  become  hotter  or  colder,  and  the 
leaft  Degree  of  Heat  or  Cold,  communicated  to  the  Air  C  Bs  will 
alter  the  Height  of  the  Liquor  at  D,  when  the  Inftrument  is  made 
fo  feniible  as  I  have  mentioned.  Then  if,  in  carrying  the  Inftru¬ 
ment,  it  fhould  be  accidentally  inclined,  fo  that  the  Liquor  in  the 
Bottle  fhould  not  cover  the  Bottom  of  the  Tube  at  B,  fome  Liquor 
may  fall  out  of  the  Tube  at  B,  or  fome  Air  may  get  into  it:  each 
of  which  Accidents,  will  quite  fpoil  the  Experiment.  But  if  this 
Machine  be  made  portable,  without  any  Inconveniency,  and  be 
fecured  againft  the  Action  of  Pleat  and  Cold  ( or,  which  is  the 
fame,  if  the  Alterations  by  Heat  and  Cold  be  exadly  allowed  for ) 
it  will  be  of  very  great  Ufe  and  Certainty,  in  taking  the  Levels  of 
diftant  Places,  provided  they  be  not  fo  far  diftant  from  each  other, 
that  it  requires  above  fix  Hours  Time  to  carry  the  Inftrument  from 
one  Place  to  another:  nay,  very  diftant  Places,  even  at  two  or 
three  Days  Journey  from  one  another,  may  be  taken  tolerably  well 
with  two  Inftruments,  nicely  adjufted  to  each  other,  if  they  be  taken 
3  notice 
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notice  of  by  two  Obfervers  at  the  fame  Hour,  in  fair  Weather,  and 
when  there  is  no  Wind. 

Now  fuch  an  Inftrument,  I  hope,  I  have  contrived,  whereby 
the  Difference  of  Level  of  two  Places,  which  could  not  be  taken  in 
lefs  than  four  or  five  Days  with  the  bed  Telefcope  Levels,  may  be 
taken  in  as  few  Hours. 

To  the  Ball  C  is  joined  a  recurve  Tube  B  A  of  a  very  fine  Fig,  u5 
Bore,  with  a  fmall  Bubble  at  'Fop  at  A,  whofe  upper  Part  is  open. 

It  is  evident  from  the  Make  of  this  Inftrument,  that  if  it  be  incli¬ 
ned  in  carrying,  no  Prejudice  will  be  done  to  the  Liquor,  which 
will  always  be  right,  both  in  the  Ball  and  the  Tube,  when  the  In¬ 
ftrument  is  fet  upright.  If  by  Heat,  the  Air  at  C  be  fo  expand¬ 
ed,  as  to  drive  the  Liquor  to  the  Top  of  the  Tube,  the  Cavity  A 
will  receive  the  Liquor,  which  will  come  down  again  and  fettle  at  D, 
or  near  it,  according  to  the  Level  of  the  Place  where  the  Inftru¬ 
ment  is,  as  foon  as  the  Air  at  C  returns  to  the  fame  Tenor  in 
refpecft  to  Heat  and  Cold.  To  preferve  the  fame  Degree  of  Heat, 
when  the  different  Obfervations  are  made,  the  Machine  is  fixed  in 
a  Tin  Veffel  F  E,  filled  with  Water  up  to  g  h ,  above  the  Ball  ; 
and  a  very  fenfible  Thermometer  has  alfo  its  Bail  under  Water,  that 
one  may  obferve  the  Liquor  at  D  in  each  Experiment, when  the  Ther¬ 
mometer  ftands  at  the  fame  Height  as  before.  The  Water  is  pour¬ 
ed  out,  when  the  Inftrument  is  carried,  which  one  may  do  conveni¬ 
ently  by  means  of  the  wooden  Frame,  which  is  fet  upright,  by 
means  of  three  Screws,  fuch  as  j,  and  a  Line  and  Plummet  p  P.  11 
At  the  back  Part  of  the  wooden  Frame,  from  the  Piece  at  Top  K,  Fig.  1 19- 
bangs  the  Plummet  P,  over  a  Brafs  Point  at  N :  M  m  are  Brackets 
to  make  the  upright  Board  K  N  continue  at  Right  Angles 
with  the  horizontal  One  at  N.  Fig.  120.  does  likewife  reprefent  Fig.  120« 
the  wooden  Frame  and  Screws.  Fig.  118.  reprefents  thepigue. 
Machine  feen  in  Front,  fuppofing  the  Forepart  of  the  Tin  Yeffei 
tranfparent.  And  here  the  Brafs  Socket  of  the  recurve  Tube,  into 
which  the  Ball  isfcrewed,  has  two  Wings  at  II,  fixed  to  the  Bottom, 
that  the  Ball  may  not  break  the  Tube  by  its  Endeavour  to  emerge, 
when  the  Water  is  poured  in  as  high  as  g  h. 

After  I  had  contrived  this  Machine,  I  confidered,  that  as  the  Tube 
is  of  a  very  fmall  Bore,  if  the  Liquor  fhould  rife  into  the  Ball  A, 
in  carrying  the  Inftrument  from  one  Place  to  another,  fome  of  it 
would  ftick  to  the  Sides  of  the  Ball  A,  and  that  upon  its  Defcent 
in  making  the  Experiment,  fo  much  might  be  left  behind,  that 
the  Liquor  would  not  be  high  enough  at  D,  to  ftiew  the  Difference 
of  Level ;  therefore,  to  prevent  that  Inconveniency ,  I  have 
contrived  a  blank  Screw  to  (hut  up  the  Hole  at  A  as  foon  as 
one  Experiment  is  made,  that  in  carrying  the  Engine,  the  Air  in  A 
may  balance  that  in  C,  fo  that  the  Liquor  fhall  not  run  up  and 
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down  the  Tube,  whatever  Heat  and  Cold  may  adl  upon  the  Inftru- 
ment,  in  going  from  one  Place  to  another. 

Now,  becaufe  one  Experiment  being  made  in  the  Morning,  the 
Water  may  be  fo  cold,  that  when  a  fecond  Experiment  is  made  at 
Noon,  the  Water  cannot  be  brought  to.  the  fame  Degree  of  Cold 
that  it  had  in  the  Morning  ;  therefore  in  making  the  firft  Experi¬ 
ment,  warm  Water  muft  be  mixed  with  the  cold  ;  and  when  the 
Water  has  flood  fome  time,  before  it  comes  to  be  as  cold,  as  it 
is  likely  to  be  at  the  warmed  Part  of  that  Day  *,  obferve, 
and  fet  down  the  Degree  of  the  Thermometer,  at  which  the  Spirit 
Hands ;  and  likewife  the  Degree  of  the  Water  in  the  Barometer  at 
Dj  then  fcrew  on  the  Cap  at  A,  pour  out  the  Water,  and  carry 
the  Inftrument  to  the  Place  whofe  Level  you  would  know  v  there . 
pour  in  your  Water,  and  when  the  Thermometer  is  come  to  the  fame 
Degree  as  before,  open  the  Screw  at  Top,  and  obferve  the  Liquor 
in  the  Barometer. 

My  Scale,  for  the  Barometer,  is  ten  Inches  long,  and  divided  in¬ 
to  Tenths,  fo  that  fuch  an  Inftrument  will  ferve  for  any  Heights 
not  exceeding  ten  Feet,  each  Tenth  of  an  Inch  anfwering  to  a 
Foot  of  Height.  N.  B,.  I  have  not  made  any  Allowance  for  the  De- 
creafe  of  Denfity  in  the  Air,  becaufe  I  do  not  propofe  this  Machine 
for  meafuring  Mountains  ( though  with  proper  Allowance  for  the 
decreafing  Denfity  of  the  Air,  it  will  do  very  well )  but  for  Heights 
to  be  known  in  Gardens,  Plantations,  and  the  Conduct  of  Water, 
where  an  Experiment,  that  anfwers  to  two  or  three  Foot  in  a 
Diftance  of  twenty  Miles*  will  render  this  a  very  ufeful  Inftru- 
menu 


/ 


CHAP. 


PC/P  /F/.  /TyizzsC / /zays.  2/rf- 

jFt-j?.  /oy. 


— 


//O 


FruAz//  Ocl.  //.  a/  7.  uz  {As  Fuesztsu/ 


1  Afanm  F  /A  <7^  t/uj 
JPuzmstes:  {As  Arms/ 
Jsssn  A  /?  rrn  £7  F  uz 
sysr/sn  £9  Auj  Ctrc/e;j 
aj  aArtse  AA/iss/sA/ 


F  ^  ^ 

Sunday  Ocl.r/j.  a /  6.  Adts .  FAsnAzy  Ac/r/y.a/6.  , 


Fu/.  "3 


A 


Fty.  //4. 


_z> 


"5 


The  Forces  of  Bodies  in  Motion. 


275 


C  FI  A  P.  V. 

MECHANICS. 


Nr  O  N  ab  re  fore  exidimo  fi  objedtionem  inferuero  a  magni  no¬ 
minis  viro  a  D.  Leibnitio  Germano  fadtam,  &  in  Actis  Erudi¬ 
torum  Lipfuz  hoc  anno  publicatis  infertam  contra  Cartefium  &  Car- 
tefianos,  eandem  femper  in  Mundo  ede  Motus  Quantitatem  afferentes, 
una  cum  egregii  quo  laborat  Paralogifmi  detedtione  manifefta. 
Objedtio  Leibnitii  ita  fe  habet. 

Vult  grave  E  ex  altitudine  B  A  cadere,  item  grave  F  prioris  qua¬ 
druplum  cadere  ex  altitudine  D  C,  quas  altitudinis  B  A  fit  tantum 
pars  quarta.  Ab  ipfis  Cartefianis  &  omnibus  conceditur  impetus  ab 
hiice  gravibus  cadendo  acquifitos,  tales  effe  ut  quifque  fuum  grave  ad 
altitudinem  unde  ceciderat  elevare  potis  effet,  fi  diredtio  motus  foret 
furfum  verfus,  &c.  Ex  ipfis  porro  principiis  Cartefianis  condat  tanta 
opus  effe  vi  ad  elevandum  corpus  F,  quatuor  librarum  ad  altitu¬ 
dinem  C  D  unius  ulnjp,  quanta  opus  ed  ad  elevandum  corpus  E, 
unius  librae  ad  altitudinem  A  B  quatuor  ulnarum.  Adeoque 
gravia  E  &  F,  ex  praedidtis  altitudinibus  cadendo  aquales  ac- 
quifiviffe  vires,  five  motus  quantitates.  Quod  fi  alia  ratione  inea- 
tur  calculus,  deprehenditur  gravia  inaequales  obtinere  motus  quan¬ 
titates  :  etenim  grave  E  cadendo  ex  altitudine  B  A  quatuor  ulna¬ 
rum,  acquiret  duplam  celeritatem  ejus  quam  idem  vel  aliud  grave  ca¬ 
dendo  ex  altitudine  DC  unius  ulnae  (per  Prop.  3.  hujus.)  Ut  vero 
habeatur  quantitas  motus,  five  momentum  gravis  F,  multiplicetur 
ipfius  moles  uti,  in  celeritatem  ut  2  ;  detque  momentum  five  quan¬ 
titas  motus  2  ;  corporis  vero  moles,  ut  4,  multiplicata  in  celerita¬ 
tem  ut  1,  producet  ejufdem  momentum  five  motus  quantitatem  ut 
4  ;  b.  e.  Calculus  hoc  Modo  inditutus  facit  quantitatem  motus  in 
corpore  F,  duplam  quantitatis  motus  in  corpore  E,  cum  priori 
modo  inventae  fint  aequales.  Unde  infert  auclor  magnum  ede  dif~ 
crimen  inter  vim  motricem  &  motus  quantitatem,  neque  alteram  ab 
altera  menfurandam,  cumque  &  ida  eadem  &  aequalis  in  mundo 
perfidat,  haec  pro  re  nata  continuo  mutabitur. 

Abfoluto  hoc  contra  Cartefianos  argumento,  quo  nullum  certius, 
nullum  fimplicius  effe  afferit,  miratur  Cartefium  iplum,  ejufque  fequa- 
ces  illud  non  percepiffe.  Cartefium  appellat  praefidentiorem, Cartefianos 
vero  ipfos  Peripateticos  nimium  imitari  veretur,  magidri  libros  redi ae 

rationis 

a  The  Reader  is  dejlred  to  take  Notice ,  that  the  preceding  Paper,  Written  about  the  Tear 
»686,  by  Mr.  David  Gregory,  late  Savilian  Profeffor  of  Agronomy  at  Oxford,  is  mi 
in  the  Pbilofophical  Pranfaftionsy  and  was  never  printed  till  now*. 


E.  P  reel  edit - 
onibus  deMotu, 
a  Davide  Gre¬ 
gorio  in  Acad. 
Edinburgena, 
Mathcfeos 
Profe  fibre, 
didatis,  Ann. 
Dom.  1686. 
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rationis  loco  confidendo.  Pofteaque,  hinc  ortos  elfe  quamplurimos 
in  mechanicis  errores,  queritur.  Novum  condit  theorema,  nefcio 
quid  de  altitudinibus,  celeritates  produdtricibus  continens,  ex  qua¬ 
rum  ratione  &  ratione  ipforum  corporum  compofitam  rationem  eam 
effe  vult  virium  five  momentorum. 

Verum  pace  tanti  viri,  alioqui  cie  philofophia  bene  meriti,  didlum 
Jit,  fatis  mirari  non  poffe^Cartefianos,  Leibnitium  talem  tantumque 
paralogifmum  fub  adeo  amplis  titulis  venditare.  Fallacia  hic  latet: 
quod  vult  tanta  opus  efTe  vi  ad  elevandum  pondus  E  unius  li¬ 
brae  ad  altitudinem  B  A,  quatuor  ulnarum,  quanta  ad  elevandum 
pondus  F  quatuor  librarum  ad  altitudinem  C  I)  unius  ulnae, 
quod  utique  verum  eft,  &  ab  ipfo  Cartefio  diferte  agnofcittny 
modo  uterque  motus  five  elevatio  perficiatur  eodem  vel  aequali 
tempore,  aliter  vero  omnino  falfum  erit;  neque  enim  major,  fed 
prorfus  eadem  requiritur  vis  ad  elevandum  pondus  quodvis  ad  alti¬ 
tudinem  centum  pedum,  quae  ad  altitudinem  pedis  unius,  fi  ad 
priorem  f  effectum)  efficiendum  centies  majus  concedatur  tempus 
quam  ad  pofteriorem.  Cum  jam  in  cafu  propoli  to  majus  conce¬ 
ditur  tempus  ad  elevandum  pondus  E  unius  librae  ad  altitudi¬ 
nem  A  B  quatuor  ulnarum,  quam  ad  elevandum  pondus  F  qua¬ 
tuor  librarum  ad  altitudinem  C  D  unius  ulnas  (  quoniam,  aequali 
Tempore,  Impetus  cafu  acquiring  fuum  grave  elevabit  ad  altitu¬ 
dinem  unde  ceciderat,  quo  cadendo  impenderat ;  &  grave  E  ca¬ 
dendo  ex  B  in  A,  duplum  tempus  impendit  ejus  quod  grave 
F  impendit  cadendo  ex  D  in  C  )  Patet  dimidiam  tantum 
vim  requiri  ad  elevandum  grave  E  unius  librse  ( in  conditioni¬ 
bus  ab  auCtore  pofitis)  in  altitudinem  AB  quatuor  librarum, 
quam  ad  elevandum  grave  F  quatuor  librarum  ad  altitudinem 
C  D  unius  ulnae  ;  adeoque  grave  E,  acquirere,  cadendo  ex  B  in 
A,  dimidium  tantum  momentum  five  motus  quantitatem  ejus  quam 
acquirat  F  cadendo  ex  D  &  C,  &  non  jequalem  ut  ex  falia  fuppo- 
fitione  invenit  Audior.  Et  ex  pofferiore  calculo  idem  invenitur, 
unde  nulla  contradidlio ;  nec  ex  hoc  argumento  concluditur  vim  mo~ 
tricem  non  poffe  reprefentari  per  quantitatem  motus,  neque  ideo 
aequalem  motus  quantitatem  in  mundo  Temper  a  deo  haud  con- 
fervari.  Plurimis  autem  aliis  argumentis  Cartefiana  haec  propo- 
fitio  evertitur,  ficut  Geometriae  hujus  de  Motu  parte  prima,  cum 
de  motus  legibus  ageretur,  oftenfum  eff.  Verum  mifia  hac  di- 
greffionc  phyfica  in  ordinem  redeamus,  &-c. 

In  Polenus9 s  Tradi  de  Cafkellis ,  I  found  feveral  curious  Experi- 
ExperimtntT  ments>  amQng  which  I  reckon  that  of  letting  Globes  of  equal  Mag- 
relating  to  the  nitude,  but  of  different  Weights,  fall  upon  a  yielding  Subftance,  as 
force  of  Bodies  Tallow,  Wax,  Clay  or  the  like,  from  heights  reciprocally  propor- 
Henr^Penf^  tiGnal  to  the  Weights  of  the  Globes.  But  cannot  by  any  means  ad- 
erton,  MLD.  m*c  °f  the  Dedudtion  that  is  drawn  from  thence,  that  becaufe  the 
^  •  A  S>  N°37i,  pa  57.  Globes 
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Globes  make  in  this  Experiment  equal  Impreftions  in  the  yielding 
Subftance,  therefore  they  ftrike  upon  it  with  equal  Force:  Whereby 
it  is  attempted  to  prove  the  Affertion  of  Mr.  Leibnitz,  that  the 
force  of  the  fame  Body  in  defcending  is  proportional  to  the  He  ight 
from  whence  it  falls  ;  or,  in  all  Motion,  proportional  to  the  Square 
of  the  Velocity,  and  not  proportional  to  the  Velocity  it  felf,  as 
is  commonly  thought.  On  the  contrary,  I  think  this  very  Expe¬ 
riment  proves  the  great  unreafonablenefs  of  Mr.  Leibnitz's  No¬ 
tion. 

Certainly  this  Experiment  of  Polemts  is  much  more  fit  to  inform 
us  of  the  Law,  by  which  thefe  yielding  Subftances  refill  the  Motion 
of  Bodies  ftriking  upon  them,  than  to  fhew  the  Forces,  with  which 
Bodies  ftrike  ;  for  whatever  thofe  Forces  be,  the  Effects  mull  be  very 
different,  according  to  the  Difference  there  may  be  in  the  Rule  ob- 
ferved  by  fuch  Refiftance. 

Now  this  Experiment  fhews,  that  if  two  Globes  in  Motion  bear 
againft  equal  Portions  of  the  yielding  Subftance,  the  Oppofition, 
that  Subftance  makes  to  the  Motion  of  the  Globes,  will  be  the  fame 
in  both,  however  different  the  Velocities  be,  with  which  they  move. 
This  I  demonftrate  as  follows. 

Let  A  and  B  be  two  Globes,  equal  in  Magnitude,  but  of  diffe¬ 
rent  Weights,  which  are  equally  immerfed  into  a  yielding  Subftance. 
Suppofe  the  Velocities,  with  which  they  move  in  their  prefent  Situa¬ 
tion,  to  be  reciprocally  in  the  fubduplicate  Ratio  of  the  Weights  of 
the  Globes  *,  that  is,  let  the  Ratio  of  the  Weight  of  the  Globe  A  to 
the  Weight  of  the  Globe  B,  be  duplicate  of  the  Ratio  of  the  Velo¬ 
city  of  the  Globe  B,  to  the  Velocity  of  the  Globe  A.  Since  there¬ 
fore  the  Ratio  of  the  Quantity  of  Motion  in  the  Globe  A,  or  of  the 
Force  with  which  it  moves,  to  the  Quantity  of  Motion  in  the  Globe 
B,  or  to  the  Force  with  which  that  Globe  moves,  is  compounded  of  the 
Ratio  of  the  Weight  of  the  Globe  A,  to  the  Weight  of  the  Globe 
B,  and  of  the  Ratio  of  the  Velocity  of  the  Globe  A,  to  the  Velo¬ 
city  of  the  other  Globe  B,  the  Force,  with  which  the  Globe  A 
moves,  is  to  the  Force,  with  which  the  Globe  B  moves,  as  the  Velo¬ 
city  of  this  Globe  B,  to  the  Velocity  of  the  other  Globe  A.  But  if 
the  fame  Oppofition  be  made  to  the  Motion  of  the  Giobes,  when 
they  bear  upon  equal  Portions  of  the  yielding  Subftance,  the  Effebl 
of  that  Oppofition,  while  the  Globes  enter  farther  into  the  Subftance 
by  equal  Spaces,  will  be  proportional  to  the  Time,  in  which  the 
Globes  are  moving  thofe  Spaces,  or  in  which  the  Oppofition  is  made, 
if  we  confider  thofe  Spaces  while  nafeent  or  in  their  firft  Origine  3, 
the  Effedl  therefore  of  this  Oppofition  will  be  reciprocally  propor¬ 
tional  to  the  Velocity  of  each  Globe ;  namely,  the  momentaneous 
Lofs  of  Force  in  the  Globe  A  will  be  to  the  momentaneous  Lofs  of 
Force  in  the  Globe  B,  as  the  Velocity  of  the  Globe  B,  to  the  Velo¬ 
city  of  the  Globe  A  j  and  the  whole  Force  of  the  Globe  A  has  been 
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found  to  bear  the  fame  Ratio  to  the  whole  Force  of  the  Globe  B ;  confe- 
quently  thefe  Globes,  while  they  penetrate  equal  Spaces  into  the  Sub¬ 
itanee,  lofe  part  of  their  Force,  which  bear  the  lame  Proportion  to  the 
whole:  And  therefore,  if  their  Velocities  beat  any  time  reciprocal¬ 
ly  in  the  fubduplicate  Ratio  of  their  Weights,  fo  that  the  Forces  or 
Degrees  of  Motion,  with  which  they  move,  be  reciprocally  propor¬ 
tional  to  their  Velocities,  the  Forces,  with  which  they  prefs  into  the 
yielding  Subftance,  at  equal  Indentures  made  in  the  Subftance,  will 
continue  in  the  fame  Proportion  •,  and  therefore  upon  the  Theory  of 
Refinance  here  fuppofed,  when  the  whole  Force  and  Motion  of 
both  thefe  Globes  is  entirely  loft,  they  will  be  plunged  into  the  Sub¬ 
ftance  at  equal  Depths.. 

Now  whereas  in  the  Experiment  -of  Polenus ,  the  Globes,  falling 
from  Heights  reciprocally  proportional  to  their  Weights,  ftrike  up¬ 
on  the  yielding  Subftance  with  Velocities  reciprocally  in  the  fub¬ 
duplicate  Proportion  of  their  Weights,  and  the  Effebl  is  in  all  Cafes 
found  to  be,  what  is  here  deduced  from  this  Theory  of  Refiftance ; 
rt  is  a  fufficient  Confirmation  of  the  Truth  of  this  Theory. 

Only  here,  I  have  fuppofed  the  Globes  to  be  ftopt  by  The  whole 
Refiftance  of  the  Subftance,  they  move  agaiiaft  ;  although  in  ftridl- 
nefs  they  are  ftopt  only  by  the  Excefs  of  that  Refiftance  above  the 
Abtion  of  Gravity  upon  them.  But  I  have  negleded  the  Confidera- 
tion  of  the  Ad  ion  of  Gravity,  that  being  but  fmall  in  Proportion 
to  the  Refiftancey  as  will  appear  from  the  Globes  being  much  more 
fpeedily  ftopt  by  this  Refiftance,  than  they  would  be  by  the  Acti¬ 
on  of  Gravity,  if  its  force  were  applied  upwards  ;  for  by  that  Force 
alone,  the  Globes  would  not  be  ftopt,  till  they  had  meafured  Spaces 
equal  to  the  Heights  above  the  refilling  Subftance,  from  whence  they 
fell ;  which  Heights  bear  a  great  Proportion  to  the  Depths,  in  the 
yielding  Subftance,  into  which  the  Globes  in  this  Experiment  are 
immerfed,  as  I  have  found  upon  Trial. 

As  I  have  afierted  that  the  very  Experiment  of  Polenus  is  not  on¬ 
ly  reconcileable  to  the  common  Dodtrine  of  Motion,  as  I  have  now 
demonftrated  *,  but  even  that  it  does  it  felf  make  manifeft  the  great 
unreafonablenefs,  if  not  the  abfolute  Abfurdity,  of  Mr.  Leibnitz's 
Opinion ;  it  remains  that  I  briefly  make  proof  of  this. 

If  two  Globes  A  and  B,  of  equal  Magnitude  but  of  different 
Weights,  ftriking  on  a  yielding  Subftance  with  equal  Force,  in  every 
Cafe  lofe  all  their  Motion  at  equal  Depths,  it  is  neceffary  that  at 
all  times,  during  their  Motion,  they  lofe  equal  Degrees  of  Force, 
when  they  bear  upon  equal  Portions  of  the  Subftance,  in  entring  e- 
qual  Spaces  into  the  Subftance.  This  will  be  eafily  feen  from  what 
has  before  been  faid.  Now  whereas  Mr.  Leibnitz  fuppofes  the 
power  of  Gravity  to  give  to  the  fame  falling  Body  Degrees  of 
Force  proportional  to  the  Height  from  whence  it  falls ;  according  to 
his  Opinion^  by  the  Power  of  Gravity,  equal  Degrees  of  Force 
3  are 
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are  added  in  the  defcent  of  the  lame  Body  through  equal  Spa¬ 
ces  *,  and  in  different  Bodies  defcending  through  equal  Spaces,  the 
Degrees  of  force  added  will  be  as  the  quantity  of  Matter, 
or  as  the  weight  of  each  Body.  Therefore  while  the  Globes  A 
and  B  penetrate  equal  nafcent  Spaces  into  the  yielding  Subftance, 
by  the  Adtion  of  Gravity,  were  not  that  Adtion  overcome  by  the 
Refiftance  of  that  Subftance,  additional  Degrees  of  Force  would  be 
communicated  in  fuch  Proportion,  that  the  force  added  to  the 
Globe  A,  would  be  to  the  force  added  to  the  Globe  B,  as  the 
weight  of  the  Globe  A,  to  the  weight  of  the  Globe  B,  or  in  the 
duplicate  Ratio  of  the  Velocity  of  the  Globe  B,  to  the  Velocity  of 
the  Globe  A.  But  fince  the  Globes  lofe  the  fame  Degrees  of 
force  in  entring  equal  Nafcent  Spaces  into  the  yielding  Subftance, 
the  Effedt  of  the  Oppofition  made  by  this  Subftance  to  the  Motion 
of  the  Globes,  during  the  time  of  their  paffing  through  fuch  Na¬ 
fcent  Spaces,  will  be  both  the  taking  from  them  that  fame  Degree 
of  force,  and  moreover  the  additional  Force,  which  would  other- 
wife  have  been  given  them  by  their  own  Gravity.  But  farther,  the 
Oppofition  made  to  the  Motion  of  the  Globe  A,  to  the  Oppofi¬ 
tion  made  to  the  Motion  of  the  Globe  B,  will  be  in  the  ratio  com¬ 
pounded  of  the  Ratio  of  the  Effedt  of  the  Oppofition,  which  the 
Subftance  makes  to  the  Motion  of  the  Globe  A,  to  the  Effedt  of  the 
Oppofition,  which  the  Subftance  makes  to  the  Motion  of  the  Globe 
B,  and  of  the  ratio  of  the  Time,  in  which  the  Oppofition  is  made 
againft  the  latter  Globe,  to  the  Time  in  which  it  is  made  againft  the 
former  •,  which  latter  ratio  is  the  fame  with  the  ratio  of  the  Velocity 
of  the  Globe  A,  to  the  Velocity  of  thef  Globe  B.  But  fince  it  is 
ftiewn,  that  the  Effedt  of  the  Oppofition  made  by  the  yielding  Sub¬ 
ftance  to  thefe  Globes  is  two- fold,  and  that  one  part  of  the  Effedt  of 
the  Oppofition  made  to  the  Motion  of  the  Globe  A,  is  equal  to 
one  part  of  the  Effedt  of  the  Oppofition  made  to  the  Motion  of  the 
Globe  B  *,  and  that  another  part  of  the  Effedt  of  the  Oppofition 
made  to  the  Motion  of  the  Globe  A,  to  another  part  of  the  Effedt 
of  the  Oppofition  made  to  the  Motion  of  the  Globe  B,  is  in  the 
Duplicate  ratio  of  the  Velocity  of  the  Globe  B,  to  the  Velocity  of 
the  Globe  A  :  One  part  of  the  Oppofition  it  felf  made  to  the  Mo¬ 
tion  of  the  Globe  A,  will  be  to  one  part  of  the  Oppofition  againft 
the  Motion  of  the  Globe  B,  as  the  Velocity  of  the  Globe  A,  to  the 
Velocity  of  the  Globe  B  ;  and  another  part  of  the  Oppofition  to  the  - 
Motion  of  the  Globe  A,  to  another  part  of  the  Oppofition  to  the 
Motion  of  the  Globe  B,  will  be  as  the  Velocity  of  the  Globe  B, 
to  the  Velocity  of  the  Globe  A.  So  that  when  the  Globes  bear  up¬ 
on  equal  Portions  of  the  yielding  Subftance,  the  Oppofition  to  their 
Motion  will  be  in  part  as  the  Velocity  of  the  Globes,  and  in  part 
reciprocally  as  their  Velocity.  lienee,  becaufe  the  refffting  Sub¬ 
ftance  is  of  an  uniform  Texture,  the  Oppofition  to  the  Motion  of 
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either  of  the  Globes  in  its  prefent  Situation,  and  when  moving  with 
its  prefent  Velocity,  will  be  to  the  Oppofition  it  would  meet  with  in 
the  fame  Situation,  if  it  moved  with  any  other  Velocicy,  partly  as  the 
prefent  Velocity  to  that  other  Velocity,  and  partly  as  that  other  Ve¬ 
locity  to  the  prefent.  But  by  that  part  of  the  Oppofition  made  a- 
gainft  the  Motion  of  the  Globe,  which  is  directly  as  the  Velocity,  the 
Globe  can  never  be  wholly  flopt ;  for  upon  the  flopping  of  the 
Globe,  that  part  of  the  Oppofition  to  its  Motion  will  likewife  totally 
ceafe,  and  confequently  the  Globe’s  Weight  will  carry  it  further 
down,  unlefs  the  other  part  of  the  Oppofition  againft  its  Motion 
prevent  it.  But  1  fay  again,  neither  can  this  latter  part  of  the 
Oppofition  made  to  its  Motion  be  ever  great  enpugh  to  flop  the 
Globe  ;  for  the  Degree  of  this?  Oppofition  being  reciprocally  as  the 
Velocity  of  the  Globe,  when  the  Motion  of  the  Globe  is  wholly 
taken  away,  it  will  become  infinitely  greater,  than  at  any  time, 
while  the  Globe  is  in  Motion  ;  fo  that  when  the  Globe  fhould  be 
flopt  by  this  part  of  the  Oppofition  made  to  its  Motion,  the  Op¬ 
pofition  to  the  Globe’s  Motion  will  become  infinitely  great;  info- 
much,  that  no  Degree  of  force  whatever  could  be  able  to  impel 
the  Globe  further  into  the  Subfiance,  but  this  can  never  come  to 
pafs.  Befides,  it  is  not  neceffary  to  apply  any  fuch  refined  Argu¬ 
ment  againfl  this  part  of  the  Refinance  ;  it  would  be  alone  fufficient 
to  confider,  how  unreafonable  a  Suppofirion  it  is,  that  a  Refiflance 
fhould  increafe,  when  the  Velocity  of  the  refilled  Body  decreafes. 

Thus  may  this  Experiment  be  made  ufe  of  to  invalidate  that 
very  Opinion  it  is  brought  to  fupport.  But  another  ufe  may  like¬ 
wife  be  made  thereof :  For  it  will  ferve  to  illuflrate  what  Sir 
Ifaac  Newton  has  more  than  once  hinted,  that  the  Refiflance  of 
fluids,  which  arifes  from  the  Tenacity  of  their  Parts,  decreafes  in 
a  lefs  Proportion  than  the  Velocity  of  the  refilled  Body  decreafes 
^  ;  for  as  this  Refiflance  bears  a  great  Analogy  to  the  Refiflance 
of  the  yielding  Subfiances  we  have  been  here  treating  of,  fo  we 
have  found,  that  the  Refiflance  of  thefe  Subfiances  does  not  much 
depend  upon  the  Velocity  of  the  Body,  againfl  which  the  Refiflance 
is  applied. 


An  Argument 
in  confirmati¬ 
on  of  the  fore¬ 
going  Paper , 
by  — — Np> 
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2.  Suppofe  pieces  of  fine  Silk,  or  die  like  thin  Subfiance,  extended 
in  Parallel  Planes,  and  fixed  at  final  1  Diftances  from  each  other. 
Suppofe  then  a  Globe  to  flrike  perpendicularly  againfl  the  middle 
of  the  outermo.fi  of  the  Silks,  and  by  breaking  through  them  to 
lofe  part  of  its  Motion.  If  the  Pieces  of  Silk  be  of  equal  Strength, 
the  fame  Degree  of  force  will  be  required  to  break  each  of  them  ; 
but  the  Time,  in  which  each  piece  of  Silk  refills,  will  be  fo  much 
fhorter  as  the  Globe  is  fvvifter  ;  and  the  lofs  of  Motion  in  the  Globe 

confe- 
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confluent  upon  its  breaking  through  each  Silk,  and  furmounting 
thfe  Refiftance  thereof,  will  be  proportional  to  the  Time,  in  which 
the  Silk  oppofes  itfelf  to  the  Globe’s  Motion  ;  infomuch  that  the 
Globe  by  the  Refinance  of  any  one  piece  of  Silk  will  lofe  fo  much 
lefs  of  its  Morion  as  it  is  fwifcer.  But  on  the  other  Hand,  by 
how  much  fwifcer  the  Globe  moves,  fo  many  more  of  the  Silks  it 
will  break  through  in  a  given  Space  of  Time  *,  whence  the  number 
of  the  Silks,  which  oppofe  themlelves  to  the  Motion  of  the  Globe 
in  a  given  Time,  being  reciprocally  proportional  to  the  EfFedl  of 
each  Silk  upon  the  Globe,  the  Refi fiance  made  to  the  Globe  by  thefe 
Silks,-  or  the  lofs  of  Motion,  the  Globe  undergoes  by  them  in  a 
given  Time,  will  be  always  the  fame. 

Now  if  the  Tenacity  of  the  Parts  of  Fluids  obferves  the  fame 
Rule  as  the  Cohefion  of  the  Parts  of  thefe  Silks  *,  namely,  That  a 
certain  Degree  of  force  is  required  to  Separate  and  difunite  the  ad¬ 
hering  Particles,  the  Refinance  arifing  from  the  Tenacity  of  Fluids 
muft  obferve  the  fame  Rule  as  the  Refinance  of  the  Silks,  and  there 
fore  in  a  given  Time  the  lofs  of  Motion,  which  a  Body  undergoes  in  a 
Fluid  by  the  Tenacity  of  its  Parts,  will  in  all  Degrees  of  Velocity  be 
the  fame  ;  or  in  fewer  Words,  that  part  of  the  Refiflance  of  Fluids, 
which  arifes  from  the  Cohefion  of  their  Parts,  will  be  Uniform. 

* 

3.  If  a  Man  with  a  certain  Force  can  move  a  Weightof  fifty  Pounds,  An  Account  of 
through  a  Space  of  four  Feet,  in  a  determinate  Time  *,  it  is  certain  fome  Experi- 
he  muft  employ  twice  that  Force  to  move  one  hundred  Pounds  mlnts !°  trove 
Weight,  through  the  fame  Space  in  the  fame  Time»  But  if  he  \f  Moving  Bo- 
ufes  but  the  fame  Force,  he  will  move  the  one  hundred  Pounds  dies  ispropor- 
Weight  but  two  Feet  in  the  fame  time.  For  as  the  one  hundred  tunable  to 
Pounds  Weight  contains  two  fifty  Pound  Weights,  if  each  of  them  their  v^oci~ 
has  two  Degrees  of  Velocity  given  to  it,  it  will  exactly  require  the  Ecv.  J 'T* 
fame  Force  that  would  give  one  of  them  four  Degrees  of  Velocity  •,  Defaguliers, 
hence  it  appears,  that  the  Force  is  proportionable  to  the  Mafs  multi-  EL.d.  F.R.S. 
plied  into  the  Velocity.  375*  fr 

^  Let  the  Balance  A  B,  whofe  Center  of  Motion,  is  at  C,  be  fo  Experiment  i 
divided,  that  the  Brachium  A  C  be  but  the  fourth  Part  of  the  Bra-  Fig.  1 22. 
chium  CB  ;  it  is  known  to  all  Mechanicians,  that  a  Weight  of  one 
hundred  Pounds  at  A,  will  keep  in  A Equilibria  a  Weight  of  twenty 
five  Pounds  hanging  at  B,  where  it  will  have  a  Velocity  four  times 
greater  than  that  of  the  Weight  at  A.  For,  not  only  when  the  Ba¬ 
lance  is  horizontal,  there  will  be  an  z Equilibrium ,  but  when  the  Ba¬ 
lance  is  put  in  Motion,  it  will  return  to  an  j Equilibrium  in  a  hori¬ 
zontal  Pofition  ;  the  equal  and  contrary  Forces  applied  at  each, 
deftroying  one  another.  Whereas,  if  the  Forces  were  as  the  Mafs 
multiplied  into  the  Square  of  the  Velocity,  the  twenty  five  Pound 
Weight  fhould  have  been  fufpended  at  D,  only  twice  as  far  from  C, 
as  the  Weight  at  A  ;  and  in  general,  let  the  make  of  the  Engine  be 
what  it  will,  let  the  mechanical  Powers  be  combined  in  any  manner, 
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when  two  heavy  Bodies,  by  means  of  a  Machine,  a 61  upon  one  ano¬ 
ther  in  different  Directions,  if  their  Velocities  are  reciprocally  as 
their  Malles,  they  will  deftroy  each  others  Forces  and  come  to  Reft. 

Let  the  Weight  P  of  one  Pound,  be  placed  in  the  Scale  fufpend- 
ed  at  the  end  A,  of  the  Balance  AB,  which  bears  upon  the  Gnomon , 
or  Iron  Supporter,  k  h  i.  Then  if  the  Weight  C  be  let  fall  from 
D,  or  one  Foot,  it  will  by  its  Stroke  on  the  end  of  the  Beam  B, 
raife  up  the  oppofite  end  A  with  the  Weight  F,  fo  high,  that  the 
Spring  g  h  will  fly  from  the  Button  i,  which  kept  it  {freight  and  up¬ 
right  before  the  Shock.  If  the  Weight  P  be  of  two  Pounds,  it  can¬ 
not  be  raifed  by  the  fall  of  C  from  any  height  lefs  than  F  or  four 
Foot ;  whereas,  if  the  force  of  the  Shock  was  proportionable  to  the 
Space,  without  any  regard  to  the  Time,  P  ought  to  be  raifed,  when 
C  falls  only  from  E,  or  two  Foot,  which  never  happens  ;  or,  if  the 
Stroke  was  proportionable  to  the  Mafs  multiplied  into  the  fquare  of 
the  Velocity,  when  C  falls  from  F,  then  P  might  weigh  four  Pound, 
whereas  the  Experiment  will  never  fucceed  under  thofe  Circumftances. 

If  ( in  order  to  avoid  FriClion)  inftead  of  a  Blow,  ftruck  upon  the 
end  B,  by  the  falling  Body,  the  faid  Body  C  be  faftned  to  a  pretty 
long  String  tied  to  the  Bottom  m ,  as  at  c,  and  firft  lifted  up  one 
Foot,  and  then  let  fall  •,  fo  that  in  falling  one  Foot,  it  may  pull 
down  B,  and  lift  up  A  with  the  Weight  P  of  one  Pound  ;  when¬ 
ever  P  is  two  Pounds,  C  muft  fall  from  a  height  greater  than  f  or 
four  Foot,  otherwife  it  will  not  raife  the  Brachium  A,  efpecially  if  it 
be  let  fall  between  e  and/. 

I  took  the  Weight  C  of  feventeen  Ounces  Troy,  which  was  a 
round  Ball  of  Lead  with  a  hole  through  the  middle  of  it,  and  hav¬ 
ing  puffed  the  String  N-X  through  it,  before  it  was  faftened  to  the 
Rook  X,  I  placed  the  whole  Machine  in  fuch  manner,  that  the 
String  being  ftretched  by  the  Weight  N,  went  through  the  hole  of 
the  Weight  C,  and  like  wife  through  the  hole  of  the  Brachium  B, 
upon  which  C  lay,  without  touching  the  fides  of  the  hole  either  in 
the  Weight  or  Balance  ;  then  having  put  fuch  a  Weight  P  in  the 
oppofite  Scale,  as  C  falling  from  the  height  of  one  Inch,  was  able 
to  raife  high  enough,  to  let  loofe  the  Spring  g  h  from  the  Button  i: 
I  added  to  P  another  Weight  equal  to  it,  and  then  letting  fall  C  a- 
long  the  String  that  guided  it,  from  a  heighth  of  two  Inches,  then 
of  three,  and  then  exadlly  of  four,  it  would  not  raife  the  double 
Weight  P  to  the  former  height,  but  falling  from  five  Inches,  ora 
little  higher,  it  raifed  it  up. 

Leaving  every  thing  as  it  was  before,  I  changed  the  Weight  C  for 
another  leaden  Bali  of  twice  the  Weight,  which  falling  from  one 
Inch,  raifed  the  double  Weight  P  to  the  ufual  Height ;  then  chang¬ 
ing  the  Weight  P  in  any  Proportion,  whatever  Height  was  required 
for  the  heavieft  Ball  C  (  or  C  2  )  to  fall  from,  in  order  to  raiie  the 
Weight  at  P ;  more  than  four  times  the  Height  was  required  for  the 
firft  Ball  C,  to  raife  the  fame  Weight  fo  high,  as  to  let  loofe  the 
Spring.  I  tried 
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I  tried  the  Experiment  with  the  Weight  C  hanging  at  the  String 
me  (  as  in  Experiment  III.  )  and  a  Fail  from  a  height  of  near  five 
Inches,  was  required  to  raife  double  the  Weight  in  the  oppofite 
Scale,  that  a  fall  from  one  Inch  would  raife  ;  only  here  the  heighth 
above  four  Inches  was  not  lb  great  as  in  the  former  Experiment,  the 
Fridtion  being  fomething  lefs.  Then  I  fufpended  the  great  Ball  C 
(  or  C  2  )  by  the  String  me,  and  when  by  falling  one  Inch  it  raifed 
the  Weight  P,  the  little  Weight  C  could  not  produce  the  fame 
Effedt,  without  falling  from  a  greater  height  than  four  Inches. 

It  is  here  to  be  obferved,  that  which  way  foever  thefe  Experiments 
are  tried,  the  Objections  riling  from  the  Friction  do  no  way  ferve  to 
confirm  the  new  Opinion,  becaule  they  fhew  that  (upon  account  of 
the  Friction)  the  Heights  muft  be  fomething  more  than  in  a  duplicate 
Proportion  of  the  Velocities,  but  never  lefs,  to  give  a  Blow  with  the 
fame  Body  in  Proportion  to  the  Velocity. 

That  the  Momentum  of  Bodies  is  in  Proportion  to  the  Mafs  mul¬ 
tiplied  into  the  Velocity,  is  alfomolt  evidently  fhewn  from  the  Con- 
grefs  of  elaftick  Bodies,  as  has  been  demonftrated  by  Sir  Ifaac  New¬ 
ton  in  his  Principia ,  in  the  Corollaries  to  his  Laws  of  Motion.  I 
had  often  tried  the  Experiments  there  mentioned  with  Balls  of  Ivory, 
Glafs,  and  Steel,  of  two  Ounces  each,  and  found  every  thing  an- 
fwer,  allowing  for  the  want  of  perfect  Elasticity  in  the  Bodies.  But 
now  upon  this  Occafion,  as  the  Objections  to  the  received  Opinion 
we;e  renewed,  I  was  willing  to  repeat  the  Experiments  with  the  ut- 
moft  Accuracy  ;  and  therefore,  as  Ivory  Balls  are  not  equally  denfe 
in  all  their  Parts,  and  Glafs  Balls  break  after  two  or  three  ftrokes  ; 

I  caufed  Balls  to  be  nicely  turned  of  Steel,  and  made  as  hard  (as 
the  Workmen  call  it)  that  is,  as  elaftick  as  poflible,  and  the  Weights 
of  them  were  precifely  as  follows:  Two  Balls  of  twelve  Ounces 
Troy  each,  one  of  fix  Ounces,  one  of  three,  one  of  two,  and  one 
of  Eight-penny-weight.  Then  making  Pendulums  of  thefe  Balls, 
and  hanging  them  upon  the  Machine  contrived  by  Mariotte  for  the 
Congrefs  of  Bodies,  and  lately  improved  by  Dr.  Gravefande  \  I 
meafured  57  ~  Inches  between  the  Center  of  Sufpenfion  and  the  Cen¬ 
ter  of  Gravity  of  the  Balls,  and  then  every  Degree  of  the  Circle 
they  deferibed  in  their  Ofcillation  was  one  Inch,  and  the  Degrees  be¬ 
ing  marked  upon  a  line  of  Chords  on  a  Brafs  Ruler  above  the  Balls, 
by  their  Strings  fucceffively  covering  the  crofs  Lines  of  Divifion, 
tire  Degrees  that  thi  Bails  fell  from,  and  thole  to  which  they  rofe, 
were  very  difcernable  to  an  Eye  placed  at  a  convenient  Diftance. 

I  took  the  two  Balls  12,  and  removing  each  from  the  lowed: 
Point  of  their  equal  and  refpeCtive  Circles,  up  to  4  Inches,  or  4 
Degrees,  I  let  them  fall  lo  that  they  met  at  Bottom,  and  were 
both  reflefted  again  to  4,  the  Place  from  whence  they  fell. 
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Every  thing  el fe  being  as  before,  indead  of  one  of  the  Balls  i  29 
I  took  the i Ball  6,  then  letting  6  go  from  8  Degrees,  and  12  from  4* 
after  Reflexion  12  was  driven  up  again  to  4,  as  before. 

The  Ball  3  falling  from  fixteen  Degrees  met  the  Ball  12  that 
fell  fill  fi  *om  4,  and  after  Reflection  1 2  went  up  again  to  4. 

1  he  Bail  2  falling  from  6°  and  12  from  x°,  12  was  reflected  to 
1,  and  when  2  fell  from  12  Degrees,  and  the  Ball  12  from  2,  the 
1 2  was  reflected  to  2. 

The  Ball  of  eight  Penny  Weight  (  which  weighed  but  jl  of  the 
Ball  1 2  )  falling  from-  fifteen  Inches  or  Degrees,  railed  up  12  (  that 
fell  from  half  a  Degree  )  to  the  fame  Place  again. 

In  all  thefe  Experiments  the  Error,  or  want  of  perfeci  Refled  ion, 
was  greater  in  the  little  Balls  than  in  the  great  ones,  on  account  of 
their  going  through  a  greater  Arc  of  a  Circle,  whereby  they  devia¬ 
ted  more  from  a  Cycloid  than  the  great  ones-;  as  likewife  on  account 
of  a  Refiftance  of  the  Air,  which  muff  be  greater  becaufe  of  the  lit¬ 
tle  Balls  going  through  a  greater  Arc ,  moving  with  more  Velocity, 
being  fufpended  by  a  String  as  thick  as  that  of  the  great  ones,  and 
having  more  Surface  in  Proportion  to  their  Weight.  But  all  the 
Errors  do  not  bring  the  Phenomena  any  thing  near  what  they  ought 
to  be,  if  the  Force  of  the  Bodies  was  as  the  Square  of  their  Veloci¬ 
ties  multiply’d  into  their  MafTes,  for  then  the  Ball  12  would  have 
been  driven  to  Heights  very  different  from  what  it  rofe  up  to. 

In  the  eighth  Experiment,  the  Ball  12  fhould  have  rifen  to  near  five 
Inches  and  three  quarters,  for  the  Ball  6  falling  with  the  Velocity  8, 
rnuft  have  had  its  Force  ^8x8x6-  384  ;  and  then,  that  the  Ball 
12  might  have  the  fame  Force  or  Quantity  of  Motion,  it  muff  rife 
near  to  5,  7  becaufe  5,7  x  5,7  x  12  =  389,88. 

In  the  ninth,  12  fhould  have  rifen  to  8  ;  for  the  Ball  3  muff  have 
had  its  Force  =  16x16x3  =768,  and  if  12  received  its  whole 
Force  it  muff  have  rifen  to  8  becaufe  8x8x12=  768. 

In  the  fecond  Part  of  the  tenth  Experiment,  12  fhould  have  rifen 
to  near  5,  becaufe  12x12x2  =  288,  and  5x5x12  is  but  300. 

In  the  eleventh,  the  Ball  12  (thirty  times  heavier  than  the  little 
one )  muff  have  gone  to  2  \  Inches,  becaufe  the  Momentum  of  the 
-little  Ball  being  =  15  x  15x1=225,  that  of  the  Ball  12  muff  be  = 
2,75  x  2,75  X  1 2  =  226,  &c. 

It  may  be  here  alledged,  that  one  ought  to  fubffrad  the  Momen¬ 
tum,  with  which  the  great  Bail  comes  upon  the  little  one  ;  but  that 
won’t  mend  the  Matter  much,  though  indeed  the  Difference  will 
Fe  lefs.  For, 

In  the  eighth  Experiment,  if  we  fubtrad  4X4X  12  =  192  from 
389,88  there  will  remain  197,88,  and  the  Ball  12  will  go  but  to  4  ; 
but  then  in  Experiment  9,  if  we  fubtrad  the  fame  192  from  768, 
we  fliall  have  576,  which  would  carry  12  to  nearfeven  Degrees,  be¬ 
caufe  7  x  7  x  1 2  =  58 8. 
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In  the  tenth  Experiment,  there  is  only  48  to  be  fub traded  ;  and 
in  the  eleventh  only  15  ,  and  therefore  the  Velocity  of  12  will’  very 
much  fall  fhortof  what  is  agreeable  to  the  new  Opinion. 

After  the  Experiments  made,  and  what  has  been  faid,  till  thefe 
Confequences  are  overthrown,  no  notice  ought  to  be  taken  of  Ob¬ 
jections,  or  new  Experiments.  But  to  give  the  Objeftors  all  poffible 
Satisfaftion,  I  lhall,  in  the  following  Paper,  endeavour  to  fhew  the 
Fallacies  of  the  Arguments,  and  folve  the  Phenomena  of  the  Expe¬ 
riments  made;  (hewing,  both  by  Reafon  and  Experiment,  that  the 
abts  ought  iO  be  as  they  are,  in  confequence  of  the  received  Onini- 
011  and  Laws  of  Refiftance.  ^ 


4.  Polenus9 s  Miftake  lies  in  this ;  that  he  eftimates  the  Force  of  the 
Stroke  of  the  falling  Balls,  by  the  Depth  of  the  Impreffion  made  in 
the  Tallow,  Clay,  Wax,  or  any  yielding  Subftance.  But  we  muft 
confider,  that  when  two  Bodies  move  with  equal  Forces,  but  diffe¬ 
rent  Velocities,  that,  which  moves  the  fwiftefl,  muft  make  the  deep¬ 
ed  Impreffion,  whilft  the  flowed  Body  communicates  its  Motion  to 
the  Clay  round  about,  and  therefore  does  not  ftrike  in  fo  deep  as  the 
fwifter  Body,  which  puts  in  Motion  few  Parts  of  the  Clay,  befides 
thofe  that  are  before  it,  and  which  Parts  have  fo  much  lefs  Time  to 
oppofe  this  Body  s  Motion,  as  its  Velocity  is  greater.  To  make 
thm  plainer,  Let  us  fu ppofe  a  Door  half  open,  and  moving  very 
freely  on  its  Hinges ;  if  a  Piftol  be  fired  againft  it,  the  Ball  will  o-o 
through  the  Door  without  moving  it  out  of  its  Place  5  but  if  we  take 
a  large  Weight  of  Lead,  and  throw  it  againft  the  Door,  with  the 
fame  Force  as  the  Piftol  Bullet  moved,  the  Door  will  be  carried 
out  of  due  Place  on  its.  Hinges  by  the  Stroke  ;  becaufe  in  the  firft 
Cale,  the  Motion  of  the  Ball  is  communicated  but  to  a  few  Parts  of 
the  Door,  and  in  the  lad  it  is  diffuled  all  over  it.  Nay,  the  Door 
will  moved  by  the  Stroke,  even  though  there  fhould  be  a  promi¬ 
nent  Pai  t  in  the  Lead,  no  Digger  than  a  Piftol-Bullet,  in  order  to 

ftrike  the  Door  upon  no  more  of  its  Surface,  than  the  Bullet  had 
done. 

For  iliuft  rating  this  farther  I  contrived  the  following  Experiment. 

I  ^  cay  fed  a  Machine  to  be  made,  confiding  of  a  Bafe  of  Wood 
A  1C  which  could  be  fee  horizontal  by  meansof  three  Screws,  fuch 
“  ^  "'p  L  pon  this  Board,  or  Bafe,  there  flood  upright  two  parallel 
Bom ds,  a bou g  four  Inches  wide,  and  four  Inches  afunder,  with  the 
El  jow -piece  E  ft  dicing  behind  one  of  them,  fo  as  to  raife  its  up- 
pci  Lhd  r  to  any  Height  defired.  Between  thefe  Boards,  fquare 
flames  of  Wood  CC  &c.  with  Paper  extended  upon  them,  could 
Hide  m,  cor  the  Number  of  Six,  in  an  horizontal  Pofition.  Thefe 
Taper  Diaphragms  being  thus  placed,  I  fufpended  an  Ivory  Ball  of 
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about  one  Inch  and  a  half  Diameter,  weighing  fomething  more  than 
an  Ounce  and  an  half,  by  a  fhort  Thread,  under  F,  fo  that  its  Cen¬ 
ter  of  Gravity  hung  four  foot  over  the  firfh  Diaphragm  ;  then  cut¬ 
ting  the  Thread,  the  Ball  fell  upon  the  Paper,  and  by  its  perpendi¬ 
cular  Stroke  broke  through  that  Diaphragm,  and  the  three  next  un¬ 
der  it.  Then  putting  fo  much  Lead  into  the  Ball  above-mentioned, 
( -which  was  made  hollow  for  that  Purpofe  )  as  to  make  it  weigh  twice 
as  much  as  it  did  before  *,  and  bringing  down  F,  to  let  it  fall  but 
from  one  foot ;  it  broke  through  only  two  Diaphragms  by  its  Fall. 
Making  the  Experiment  leveral  times  with  different  Heights,  but 
Fill  keeping  the  Proportion  in  Height  of  four  to  one,  when  the 
Balls  were  as  one  and  two,  the  heavy  and  flowed  Ball  broke  through 
but  half  the  Number  of  Papers-  It  happened  indeed  fometimes  that 
there  was  forne  little  difference,  when  the  Papers  were  not  equally 
drong,  or  equally  dretched,  but  the  fwifted  Ball  always  broke  through 
more  Papers  than  the  flow  one. 

Now  though  this  Experiment  does  at  fird  feem  to  confirm  Pole- 
this's  Theory  ;  yet,  when  duly  weigh’d,  it  proves  no  fuch  thing.  For 
the  lighter  Ball  does  not  break  through  more  Papers,  becaufe  it  has 
more  Force,  or  a  greater  Quantity  of  Motion,  but  becaufe  each  Dia¬ 
phragm  has  but  half  the  time  to  refid  the  Ball,  that  falls  with 
a  double  Velocity,  and  therefore  their  Refldance  being  as  the  time, 
as  many  more  of  them  mud  be  broken  by  the  fwift  Ball,  as  by 
the  flow  one. 

To  all  the  Objedtors,  that  allow  the  Force  of  moving  Bodies,  and 
their  Quantity  of  Motion  to  be  the  fame,  what  has  been  faid  in 
this  and  my  former  Paper,  feems  to  be  a  full  Anfwer  ;  but  as  there 
are  now  fome  Philofophers,  who  didinguifh  that  Force  from  the 
Quantity  of  Motion,  I  am  obliged  to  fay  fomething  more  for  the 
clearing  up  of  that  Point. 

If  I  underdand  them  right,  they  call  vis  viva,  a  Force,  whofe 
Effedl  is  fen  Able,  as  the  Force  of  Gravity,  when  it  accelerates  Bo¬ 
dies  in  their  Fall  and  vis  mortua  a  Force,  which  being  dedroyed, 
produces  no  fenflble  Eifecl,  as  the  force  of  Gravity  adding  upon  a 
Weight  in  one  Scale  of  a  Balance,  when  the  Weight  cannot  defcend 
by  reafon  of  a  Counterpoife  in  the  other  Scale.  .  But  certainly  no 
Man,  that  confiders  the  thing  attentively,  would  make  that  Didin- 
btion.  However,  fince  Polenus  allows,  that  the  Quantity  of  Moti¬ 
on  in  Bodies  is  as  the  Mafs  multiplied  into  the  Velocity  (or  MV); 
but  fays,  that  the  Force,  with  which  they  adt,  which  he  didinguiflies 
by  the  Names  of  vis  viva,  is  as  the  Mafs  multiplied  into  the  Square 
of  the  Velocity,  or  MW:  I  have  made  the  following  Experiment 
to  fhew  his  Notion  to  be  inconfiftent ;  though  all  the  Phenomena  of 
unequal  Weights  applied  to  a  Statera,  fo  as  to  make  an  ^Equilibrium , 
might  ferve  for  that  Purpofe,  if  it  had  not  been  objedled,  that  the 
particular  Condrudlion  of  the  Machine  hindered  it  from  agreeing 

with 
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with  the  fuppofed  Theorem,  that  the  Force  is  as  the  Matter  multi¬ 
plied  into  the  Square  of  the  Velocity. 

Let  two  Balls,  A  and  B,  be  joyned  by  a  String,  which  going  Experiment. 
through  the  fmooth  Hole  C  of  an  even  Table,  and  under  the  Pulley  FlS-  I2S- 
P,  fufpendsa  Weight  W.  It  is  plain,  that  upon  letting  go  the  Balls 
A  and  B,  from  the  places  A,  B,  they  will  move  towards  C  with  the 
fame  Force,  becaufe  each  of  them  will  be  drawn  towards  C  by  half 
the  Force  of  the  Weight  W,  whether  the  Balls  be  equal,  or  unequal. 

1.  The  Balls  being  of  two  Ounces  each  (of  Ivory),  were,  at  the 
fame  inftant  of  Time,  let  loofe  from  A  and  B,  each  diftant  twelve 
Inches  from  C,  and  both  came  to  C  at  the  fame  Time.  Here  the 
equal  Forces  will  agree  with  the  Product  of  the  Maffies  into  the  Ve¬ 
locities,  or  into  the  Squares  of  the  Velocities  j  becaufe  A  x  1 2— B  x  1 2, 
as  well  as  A  x  144  is  equal  to  B  x  144. 

2.  If  A  be  four  Ounces  Weight,  and  let  go  from  D,  or  fix 
Inches,  whilft  B,  equal  to  two  Ounces  moves  from  12  Inches-,  both 
Bodies  will  again  meet  at  C  :  therefore  here  the  equal  Forces  muff  be 
exprefied  by  the  Maffes  into  the  Velocities,  and  not  into  their  Squares 
for  though  A  x  6  be  equal  to  B  x  1 2  (4  x  6  —  2  x  1 2),  A  x  6  x  6,  or 
144  is  but  half  of  Bx  12x12,  or  2 S 8 .  Whereas  if  the  Forces 
had  been  as  Polenus  affirms,  B  fhould  have  been  let  loofe  only  from 
8,  4  Inches. 

3.  When  A  is  fix  Ounces,  it  is  let  loofe  only  from  E,  or  4  Inches, 
to  meet  at  C  with  B  let  loofe  from  12  ;  for  then  A  x  4  —  B  x  12, 
whilft  A  x  4  x  4,  or  96,  is  three  times  lefs  than  B  x  12  x  12,  or  288. 

So  that  according  to  Polenns ,  B  muft  have  been  let  loofe  from  7  ;  but 
in  that  Cafe  it  comes  fooner  to  C  than  A. 

N-  B.  The  Weight  W,  muft  be  greater  than  the  Weight  of  both 
Balls,  left  the  Fridtion  of  the  Table  fhould  fpoil  the  Experi¬ 
ment. 


5.  A  Variety  of  Experiments  have  been  made,  and  reafoning  ufed  in 
England  and  France ,  to  prove  the  Truth  of  the  common  Opinion  ; 
but  they  do  not  entirely  fatisfie  all  the  Gentlemen  on  the  other  fide  of 
the  Queftion.  The  prefent  ingenious  Profeffior  of  Mathematicks  and 
Philofophy  at  Utrecht  tells  us  in  the  Preface  to  his  Epitome  Elemen¬ 
torum  Phyfico- Mathematicorum,  publifhed  this  Year,  Anno  1726,  In 
corporum  motum  viribus  fupputandis  amplexus  fum  fententiam  Cl.  Leib- 
nitfii,  Hugenii,  Poleni,  S.  Gravefandii,  &  antiques  valedixi ,  quam 
hactenus  foveram ,  (A  docueram  :  Neque  me  retinuerunt  argumenta  doc- 
tiffi  morum  virorum  in  Galliis  iA  Britannia  eandem  defendentium.  Et 
quando  experimenta  d  Poleno  iA  S.  Gravefandio  defcnpta  examinantur 
iA  infpiciuntur ,  tam  manifefto  evincunt  vires  corporum  percutientium  ejfe 
in  ratione  ccmpofita  ex  quadrata  velocitatum.  (A  fimplici  maffarum ,  ut 
illis  fubfcribere  teneamur ,  ni  fi  aperiiffimis  contradicere  ftudeamus.  I  beg 
leave  to  examine  the  truth  of  the  new  Opinion  in  the  Cafe  here  pro- 
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pofed,  viz.  Vires  corporu?n  percutientium  \  and  I  fhall  endeavour  to 
fhew  from  their  own  Principles,  that  it  cannot  be  true  in  all  the 
Cafes  of  Non-Elaftic  Bodies. 

It  is  allowed,  that  the  common  Rules  of  finding  the  Velocities  of 
Non-Elaftic  Bodies  after  the  Stroke  are  true  :  For  thus  the  ingeni¬ 
ous  Mr.  S’Gravefand  tells  us  in  Paragraph  251,  of  his  Supplemen¬ 
tum  Phy  ficum  ;  Ex  hoc  principio  ( i.  e.  multiplicando  ?na(fam  per  velo¬ 
citatem)  deduxere  Philofophi  ipfas  illas  regulas  n.  234./  2 37./  quas  nos 
variis  modis  ex  principiis  noftris  deduximus  \  mirum  hic  quid  contigit , 
error  erroris  fuit  deftrudiio ,  &  duplex  error  ad  veritatem  conduxit ; 
falfum  de  menfura  virium  fecuti  funt  principium ,  E?  quod  veritati  etiam 
minime  congruum  eft^  nullam  vim  intro  premendo  partes ,  &  harum  fu- 
perando  cohcefionem  corpora  amittere  po fuere.  Now  the  Rule  for  find¬ 
ing  the  common  Velocity  of  Non-Elaftic  Bodies  moving  the  fame 
way  after  the  Collifion,  is,  to  divide  the  Sum  of  the  Quantities  of 
Motion  in  the  two  Bodies,  by  the  Sum  of  the  Quantity  of  Matter. 

It  is  alfo  granted,  Motu  duobus  corporibus  communi  corpora  hcec  in 
fe  mutuo  agere  non  poffe.  Seda  215.  Pendet  ergo  idlus  d  velocitate 
refpeftiva ,  qua  manente  intenfitas  impadlionis  eadetn  erit ,  quomodocun- 
que  celeritates  abfolutcz  varient.  Ab  intenfitaie  hac  pendet  partium  in- 
troceffio ,  quce  ergo  femper  eadem  erit ,  fi  duo  corpora  eadem  velocitate 
refpeUiva  in  fe  mutuo  incurrunt ,  quibufcunque  velocitatibus  ?noveantur . 

Thefe  Principles  furnifh  us  with  an  Argument  againft:  the  new 
Opinion.  For  if  it  be  true,  then  equal  Caufes  may  have  unequal 
Efteds,  and  that  in  their  own  Senfe  of  an  Effed  :  The  Proof  fhall 
be  taken  from  Inftances  of  the  Effeds  of  the  Collifion  of  Non- 
Elaftic  Bodies,  whole  refpedive  Velocities  fhall  be  always  e- 
qual. 

Let  (A)  and  (B)  Hand  for  two  Non-Elaftic  Bodies  of  equal 
Quantities  of  Matter  ;  and  let  (B)  be  at  Reft,  while  (A)  moves 
towards  it  with  8  Degrees  of  Velocity. 

Here  the  common  Velocity  after  the  Stroke  will  be  half  the  Ve¬ 
locity  of  ( A  )  before  the  Stroke,  i.  e.  4  Degrees.  Confequently  the 
Force  in  (B  )  thus  communicated  by  the  Stroke  will  be  as  its  Square, 
or  16. 

Let  (B)  move  forward  with  two  Degrees  of  Velocity,  and  (  A) 
follow  it  with  10  Degrees ;  the  refpedive  Velocity  will  be  8  as  be¬ 
fore  •,  confequently  by  their  own  Principles  quoted  above,  the  Strokes 
in  both  Cafes  are  equal.  The  Velocity  in  (B)  after  the  Stroke  will 
be  half  the  Sum  of  the  Velocities  before  the  Stroke,  or  6  Degrees, 
by  the  common  Rule. 

According  to  the  new  Opinion,  the  Forces  being  as  the  Squares  of 
the  Velocities,  the  Force  of  ( B  )  before  the  Stroke  will  be  to  its 
Force  after  the  Stroke,  as  the  Square  of  2  is  to  the  Square  of  6  ;  i.  e. 
as  4  is  to  36.  Subdud  the  Force  in  (B)  before  the  Stroke,  from 
the  Force  it  has  after  the  Stroke,  and  you  have  the  Degrees  of  Force 
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communicated  by  the  Stroke  :  Which,  if  this  Opinion  were  true, 
would  be  32,  i.  e.  juft  double  the  Number  of  Degrees  communica¬ 
ted  by  the  fame  Force  in  the  former  Inftance,  which  was  but  as 
1 6.  Thus  equal  Strokes  produce  unequal  Effects  in  our  fenfe  of 
Effects. 

The  following  Table  gives  feveral  other  Inftances.  In  the  three 
firft  Columns  you  have  the  Velocities  of  the  two  Bodies  both  before*, 
and  after  the  Stroke  ;  in  the  two  next,  you  have  the  Forces  in  (B) 
both  before,  and  after  the  Stroke  ;  and  in  the  fixth,  the  Difference 
of  thofe  Forces,  or  the  different  Degrees  of  Force  effedled  by  the 
fame  Stroke  and  in  the  la  ft  Column,  the  Proportion  of  thofe 
Forces,  or  Effedts  of  the  Caufe  or  Stroke. 


The  Velo¬ 

Force  com¬ 

city  in 

ABB 

The  Forces 
in  B. 

municated 
by  the 
Stroke. 

Propor¬ 

tion. 

804 

0  16 

16 

X 

1026 

4  36 

32 

2 

14  .  6  10 

36  IOO 

64 

4 

18  10  14 

100  196 

96 

6 

22  14  18 

196  324 

128 

8 

26  18  22 

U'VNJ 

Before  After 

the  Stroke. 

324  484 

Before  After 

the  Stroke. 

160 

10 

If  it  be  faid,  that  I  have  not  confidered  the  other  Part  of  the  en¬ 
tire  Effedt  of  the  Stroke,  the  Intropreffion  of  the  Parts ;  I  reply, 
this  will  make  but  a  fmall  Alteration  in  the  Matter  *,  fince  the 
Intropreffions  in  all  thefe  Cafes  are  equal,  the  relative  Velo¬ 
cities  being  by  Suppofition  the  fame:  So  that  notwithftanding, 
upon  the  whole,  one  and  the  fame,  or  equal  Caufes,  will  produce 
unequal  Effedts. 


c  c 
ct 
C  4 

c  c 
£C 

«  c 
cc 
■€< 


6.  The  Demonftration  runs  thus:  “  Concipio  corpus  C  Fig.  1 26. 
moveri  oblique  in  elaflrum  L,  velocitate  CL  ut  2,  angulo 
inclinationis  CLP  exiflente  30  gr.  cujus  nempe  finus  C  P  eft  fe- 
miffis  radii  C  L.  Suppono  autem  eam  effe  refiflentiam  in  elaftro, 
ut  ad  illud  tendendum  requiratur  praecise  unus  velocitatis  gradus 
in  illo  corpore,  fi  perpendiculariter  impingeret.  Quid  ergo  jam 
fiet  poft  incurfionem  obliquam  corporis  C  in  elaftrum  L  ?  Quo¬ 
niam  motus  per  C  L  componitur,  ut  notum  efl,  ex  duobus  col¬ 
lateralibus  per  C  P  &  PL,  &  cum  C  P,  fecundum  quam  cor- 
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Fig.  126.  “  pus  direde  impingit  in  elaftrum  L,  exprimit  dimidiam  celeritatem 

44  corporis  per  C  L,  confumetur  hic  motus  per  C  P,  tenfo  elaftro 
44  ( perinde  enim  eftet,  ac  ft  corpus  C  celeritate  C  P  perpendicula- 
44  riter  incurreret  in  elaftrum,  quod  per  Hypothefin,  earn  celerita- 
44  tern  deftruere  polfet )  remanente  corporis  celeritate,  &  diredlione 
44  PL.  Produda  igitur  P  L  in  M,  ita  ut  LM  fit  —  PL—  v7  3 
44  (  ponitur  enim  C  L  —  2  )  &  applicato  in  M  alio  fimili  elaftro  fa- 
64  ciente  cum  L  M  angulum  LMQ,  cujus  finus  L  Q_—  C  P  —  1, 
44  per  eandem  rationem  manifeftum  eft  corpus  C,  poft  tenfionem  ela- 
44  ftri  L,  tenfurum  effe  elaftrum  M,  amiffo  motu  per  L  &  fer- 
44  vato  motu  per  QJVL  Prolongata  itaque  QJM  ad  N,  ut  fiat 
<e  MNz  QJVE  =  1/2  ibique  fubftituto  elaftro  fimili  tertio  conftitu- 
44  ente  cum  MN  angulum  MNR  femiredlum,  quo  fcilicet  MR 
44  iterum  fit  —  C  P  —  1  ;  patet  fimiliter  motum  per  M  R  totum  im- 
44  pendi  in  tenfionem  elaftri  N,  corpore  interim  moveri  pergente  di- 
44  redione  &  celeritate  R  N  —  1.  Denique  fi  hac  celeritate  refidua 
44  impingat  perpendiculariter  in  elaftrum  O,  huic  tendendo  totam 
44  fuam  vim  reliquam  dabit  *,  ipfum  itaque  corpus  ad  quietem  re- 
44  digetur.  Hiice  ita  praemifTis,  patet  nunc  potentiam  corporis  C 
44  tantam  fuiffe,  ut  per  fe  folum  tendere  polfit  prmeise  quatuor  e- 
44  laftra  talia,  ad  quas  fingula  feorfim  tendenda  requiritur  dimidia  ve- 
44  locitas  corporis  aequalis  ipfi  C,  adeoque  cum  effedits  illius  qua- 
44  druplo  major  fit  quam  eftedus  hujus,  evidens  eft  quoque  vim  cor- 
44  poris  velocitate  2  grad.  quadruplam  effe  vis  corporis  ejufdem,  vel 
44  aequalis,  velocitate  1  grad. 

44  Haud  abfimili  modo  demonftrarem  corpus  C  velocitate  3  grad. 
44  tendere  pofte  9  elaftra,  ad  quorum  unum  tendendum  unus  velo- 
44  citatis  gradus  in  eo  corpore  requiritur,  &  tandem  in  genere  nume- 
44  rum  elaftrorum  tenforum  femper  effe  quadratum  numeri  graduum 
44  velocitatis.  Unde  igitur  fequetur,  vires  corporum  aequalium  effe 
44  in  duplicata  ratione  celeritatum.  QJE  D. 

•*.  -  >  _ _ _  *  » 

1.  This  Argument  is  founded  entirely  on  the  commonly  received 
Dodrine  of  the  Compofition  and  Refolution  of  Forces,  and  not  up- 

-  on  any  decifive  Experiments,  that  have  been  adually  made  upon 
this  Occafion. 

2.  All  that  is  proved  from  this  Dodrine,  is,  that  a  Body  moving 
with  two  Degrees  of  Velocity,  may  be  made  to  bend  4  *,  with  3  De^ 
grees  of  Velocity  it  may  be  made  to  bend  9  fimilar  Springs,  each  de- 
itroying  one  Degree  of  Velocity  in  a  perpendicular  Direction,  be¬ 
fore  its  Force  is  entirely  fpent,  provided  you  take  care  to  alter  the 
Directions  of  the  Motion  in  every  Stroke  but  the  laft,  after  a  cer¬ 
tain  manner  :  That  had  the  fame  Body  moved  but  with  one  De¬ 
gree  of  Velocity  in  one  Direction,  and  that  in  a  perpendicular 
one,  it  would  have  loft  all  its  Force  at  once,  and  bent  but  one  of  thofe 
Springs :  Which  is  far  from  proving  the  thing  in  Queftion. 
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3.  To  make  the  Reafoning  on  this  Head  conclufive,  the  two 
Bodies  Ihould  not  only  be  equal  in  Quantity  of  Matter,  but  alike  in 
that  material  Circumftance  the  Direction  of  their  Motions ;  fo  that 
if  one  of  the  Bodies  move  in  a  perpendicular  Direction,  the  other 
fhould  do  fo  too  *,  or  if  the  one  ftrikes  in  an  oblique  Direction,  the 
other  Ihould  do  the  lame,  and  that  in  the  fame  Degree  of  Obli¬ 
quity  *,  and  lalfly,  if  one  moves  in  feveral  Directions*  the  other 
Ihould  do  the  lame.  But  in  the  Cafe  before  us  one  is  fuppofed  to 
move  but  in  one  Direction  perpendicularly,  and  the  other  to  move  in 
three  oblique  Directions,  and  but  one  perpendicular. 

4.  Let  therefore  the  fame  Body  move  always  in  the  lame  Direc¬ 
tions,  and  with  a  fmall  Alteration,  the  Argument  ufed  in  this  De- 
monltration  will  be  fo  far  from  proving  that  fide  only  of  the  Quef- 
tion  for  which  it  was  brought,  that  it  will  equally  ferve  to  prove  the 
truth  of  the  other,  namely,  that  the  Forces  of  the  fame  Body  mov¬ 
ing  with  different  Velocities  are  as  thofe  Velocities. 

Let  therefore  the  fame  Body,  inftead  of  moving  with  two  Degrees 
of  Velocity,  move  but  with  one,  and  in  the  fame  Directions  as  a- 
bove  ;  only  let  the  Springs  be  capable  of  deftroying  but  half  a  De¬ 
gree  of  Velocity  in  a  perpendicular  Direction  ;  then  by  the  fame 
Heps  of  reafoning  it  will  follow,  that  this  Body  will  now  alfo  bend  4 
fimilar  Springs,  before  its  Force  is  fpent ;  fo  that  the  fame  Body 
moving  with  half  the  Velocities,  and  in  the  fame  Directions  as  be¬ 
fore,  bends  the  fame  Number  of  Springs  •,  only  now  the  Springs 
make  but  half  the  Refiftance,  that  the  Springs  in  the  former  Cafe 
made  *,  therefore  the  EffeCt  in  this  Cafe,  according  to  our  way  of 
eftimating  an  EffeCt,  is  but  half  the  former  EffeCt ;  confequently  the 
Forces  producing  thefe  EffeCts  are  as  2  to  1  :  But  in  this  Ratio  are 
the  Velocities,  with  which  the  Body  moved  in  the  two  Cafes  ;  there¬ 
fore  the  Forces  are  as  the  Velocities. 

Let  the  Body  move  with  3  Degrees  of  Velocity,  and  it  will 
bend  9  fimilar  Springs,  each  deftroying  one  Degree  of  Velocity  in 
a  perpendicular  Direction,  before  the  whole  Force  is  confumed.  So 
alfo  by  the  fame  way  of  arguing,  it  is  as  certain,  that  if  the  fame 
Body  move  with  one  Degree  of  Velocity,  it  will  bend  9  fimilar 
Springs,  each  deftroying  a  third  Part  of  one  Degree  of  Velocity  in 
a  perpendicular  Direction,  before  its  Force  is  extinguifhed  :  So  that 
ft  ill  the  EffeCts,  or  Refiftances  overcome  in  the  fame  Directions,  are, 
according  to  our  way  of  computing,  as  3  to  one  ;  and  fo  alfo  their 
Forces  muft  be  but  in  the  fame  Ratio  of  3  to  1,  as  were  the  Ve¬ 
locities  ;  confequently  the  Forces  are  as  the  Velocities. 

5.  Since  therefore  this  Proof  drawn  from  the  DoCtrine  of  Com- 
pohtion  and  Refolution  of  Forces  equally  proves  both  tides  of  the 
Queftion,  it  proves  too  much,  or  in  reality  nothing  at  aft;  and  is 
therefore  far  from  deferving  the  Name  of  a  Dernonftration. 
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7.  The  Refult  of  thefe  Experiments  is,  That  the  Velocities  of  any 
Fluid,  iffuing  out  at  equal  Orifices  made  in  the  Sides  of  Veffels  filled 
up  to  different  Heights,  and  kept  full  at  thole  Heights,  above  the 
Orifices,  are  found  to  be  as  the  fquare  Roots  of  thofe  Heights  refpec- 
tively.  Thus,  when  the  different  Heights  above  the  Orifices  are  as 
the  Numbers  1,  4,  9,  16,  the  Velocities  of  the  Particles  of 
Water,  iffuing  out,  are  found  to  be  as  the  Numbers  1,  2,  3, 
4,  &c. 

The  Argument  drawn  from  thefe  Experiments,  in  Favour 
of  the  Opinion,  that  the  Forces  of  equal  Maffes,  or  moving  Bodies, 
are  proportional  to  the  Squares  of  their  Velocities,  runs  thus.  All 
the  Particles  of  Water,  being  of  the  fame  Nature,  and  uniform, 
every  fmgle  Particle  iffuing  out  with  two  Degrees  of  Velocity,  muff 
move  with  4  Times  the  Force  of  any  other  fingle  Particle,  that  moves 
but  with  one  Degree  of  Velocity  ;  becaufe  the  Force  with  which  it 
moves,  is  the  Effect  of  a  Caufe  4  Times  greater  *,  namely,  the  Pref- 
fureof  a  Column  of  Water,  whofe  Height  is  4  Times  greater. 

Thus,  again,  a  Particle  of  Water  running  out,  with  3  Degrees  of 
Velocity,  muff  move  with  9  Times  the  Force  of  a  Particle  moving 
with  but  1  Degree  of  Velocity  *,  becaufe  that  Force  is  the  Effedt  of 
a  Caufe  9  Times  greater,  viz.  the  Preffure  of  a  Column  9  Times 
higher  :  Since  no  lefs  than  a  Column  9  Times  higher,  is  found,  by 
Experience,  neceffary  to  make  the  feveral  Particles  of  Water  iffue 
out  with  3  Degrees  of  Velocity.  So  that,  in  thefe  two  Inffances,  it 
feems  to  be  certain,  that  the  Forces  communicated,  are  as  the  Squares 
of  the  Velocities.  And  that  it  is  fo  univerfall’y,  is  argued  thus  : 
The  Preffures  are  as  the  Altitudes,  and  the  Altitudes  as  the  Squares 
of  the  Velocities  of  every  fingle  Particle*  therefore  the  Preffures 
are  as  the  Squares  of  the  Velocities  *,  but  the  Preffures  are  the  Cau- 
fes  of  the  Forces,  with  which  the  feveral  Particles  of  Water  iffue 
out,  or  move ;  and  therefore  fince  Effedts  are  proportional  to  their 
Caules,  the  Forces  with  which  the  feveral  Particles  iffue  out,  and 
move,  are  as  the  Squares  of  the  Velocities. 

The  Fault  committed  in  this  Reafoning,  and  which  quite  runs 
through  it,  is  the  miftaking  a  Part  of  the  Effedt  for  the  Whole. 
The  entire  Effedt  of  any  of  thefe  Preffures  is,  not  barely  a  certain 
Number  of  Degrees  of  Velocity,  in  any  fingle  Particle,  but  certain 
Degrees  of  Velocity  in  a  certain  Number  of  Particles,  and  that  cer¬ 
tain  Number  of  Particles,  in  a  given  Time,  is,  confeffedly,  as  the 
Degrees  of  Velocity. 

The  entire  Effedt  of  thefe  Preffures  being  taken  into  Confideration, 
feems  to  overturn  this  new  Rule  in  Mechanicks  for  computing  the 
Forces  of  moving  Bodies,  which  is,  'That  the  Forces  are  as  the  Quan¬ 
tities  of  Matter  multiplied  by  the  Squares  of  the  Velocities.  And  this 
I  fliall  endeavour  to  make  out  thus :  The  Gentlemen  who  advance 
\  3  this 
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this  new  RuJe,  at  the  fame  Time  that  they  affert  the  Velocities,  in 
the  Cafes  of  the  Experiment  above-mentioned,  to  be  as  the  Square 
Roots  of  the  Altitudes,  do  alfo  confefs,  that  the  Quantities  of  the 
Fluid,  preffed  out  in  equal  Times,  are  as  thofe  Velocities.  For 
thus  an  ingenious  Profelfor  tells  us  in  his  Epitome  Element .  Phyfl 
Math .  Part.  2da-  Cap.  iv.  p.  665.  “  Quantitates  fluidorum  ex  utro- 

“  que  vafe  exeuntium  in  eodem  tempore  flunt  inter  fe  velut  celeritates , 

<c  adeoque  in  fuhduplicata  ratione  altitudinum  fluidorum  fupra  foramina” 

Now  if  this  be  true,  that  the  Quantities  of  Water  flowino-  out  in 
equal  Times,  are  as  the  Velocities,  then  the  Forces  cannot  be  as  the 
Quantities  of  Matter  multiplied  by  the  Squares  of  the  Velocities : 

For  then  the  Effedts,  inftead  of  being  proportional,  would  be  more 
than  in  Proportion  to  their  Caufes.  Thus,  the  Effedt  of  a  Preifure 
of  a  Column  of  any  Fluid,  as  Water,  9  Inches  high,  kiftead  of 
being  but  9  times  greater  than  that  of  1  Inch  above  the  Orifice, 
will  be  no  lefs  than  27  Times  greater.  For  the  Velocity  being  at 
this  Height  triple,  the  Quantity  of  Matter  in  a  given  Time,  will 
alfo  be  triple  •,  which  laft,  multiplied  by  the  Square  of  the  Velocity, 
gives  27  for  the  Force  communicated  by  a  Preffure  of  9  Inches  in 
Altitude,  while  the  Force  communicated  by  the  Preifure  of  1  Inch, 
is  but  as  1.  So  that  the  moving  Forces  produced  will  be  as  27 
to  1,  while  the  Caufes  producing  thefe  Forces,  are  but  as  9  to  i, 
i.  e.  three  times  too  little  for  fuch  a  Purpofe. 

Thus  again,  if  the  Velocities  be  as  1  and  4,  the  Quantities  of  ' 

Water  ilfuing  out  will  be  as  1  and  4  •,  but  the  Effects,  or  Forces 
produced,  according  to  the  new  Rule,  will  be  as  1  and  6 4;  though 
the  Preffures,  which  communicate  them,  are  but  as  the  Altitudes, 
which  are  as  1  and  16.  Whereas,  to  produce  fuch  EfFedts,  the  Al¬ 
titudes  of  the  latter  Column  ought  to  have  been  as  64  •,  i,  e.  4  Times 
greater  than  by  Experience  it  is  found  to  be. 

I  cannot  but  obferve,  in  the  laft  Place,  that  the  common  Rule  of  . 
eftimating  the  Forces  of  moving  Bodies  by  the  Quantities  of  Matter  RmgrK  111 
multiplied  by  their  Velocities,  is  rather  confirmed  by  thefe  very  Ex¬ 
periments.  For  then,  according  to  the  old  Maxim,  Effects  are  pro¬ 
portional  to  their  Caufes,  the  Forces  communicated  will  be  as  the 
Forces  communicating,  or  Preffures.  Thus  let  the  Altitude,  and 
confequent  Preffure  of  any  Column  of  Water  be  9  Times  greater 
than  the  Altitude  of  another  ;  then  the  Velocity  of  every  tingle  Par¬ 
ticle  of  Water  preffed  out  will  be  triple,  and  the  Number  of  Parti¬ 
cles  i filling  out  in  a  given  Time  will  likewife  be  triple  ;  therefore  the 
Force  refulting  from  thefe  two  multiplied  together,  according  to  the 
common  Rule,  will  be  9,  proportional  to  the  Preffure,  as  it  ought 
to  be.  So  again,  if  the  Altitude  be  16  I  imes  greater,  the  Velocity 
will  be  quadruple,  and  the  Number  of  the  Particles  quadruple,  and 
the  Force  produced  the  Producft  of  thefe  two ;  L  e.  16,  Itill  pro¬ 
portional  to  the  Altitude,  or  Preffure. 
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And  univerfally,  the  Forces  communicated,  according  to  the  old 
Rule,  are  in  a  Ratio  compounded  of  two  others.  One  of  the  Quan¬ 
tities  of  Matter,  and  the  other  of  the  Velocities:  The  Ratio  of  the 
Velocities,  by  the  Experiments,  is  the  fubduplicate  Ratio  of  the 
Heights,  and  the  Ratio  of  the  Quantities  of  Matter  is,  by  Confef- 
fion,  likewife  the  Subduplicate  of  the  Heights  :  Therefore  the  Com¬ 
pound  of  thefe  2  is  the  Ratio  Integra,  or  fimple  Ratio  of  the  Heights ; 
in  which  Ratio  are  the  Preffures  themfelves,  which  produce  thefe 
moving  Forces:  So  that,  according  to  the  common  Rule,  the  Ef¬ 
fects  are  always  proportional  to  their  Caufes. 

After  the  fame  manner  S.  Gravefande  reafons  in  Paragraph  355  of 
Phyftces  Elem.  Math.  Edit.  1. 

8.  Every  Effedt  muft  neceffarily  be  proportionate  to  the  Caufe  of 
that  Effedt  ;  that  is,  to  the  Adtion  of  the  Caufe,  or  the  Power  ex¬ 
erted  at  the  Time  when  the  Effedt  is  produced.  To  fuppofe  any 
Effedt  proportional  to  the  Square  or  Cube  of  its  Caufe,  is  to  fuppofe 
that  an  Effedt  arifes  partly  from  its  Caufe,  and  partly  from  No¬ 
thing. 

In  a  Body  in  Motion,  the  Force  arifing  from  the  Quantity  of  the 
Matter  as  its  Caufe,  muft  neceffarily  be  proportional  to  the  Quanti¬ 
ty  of  the  Matter:  And  the  Force  arifing  from  the  Velocity  of  the 
Motion  as  its  Caufe,  muft  neceffarily  be  proportional  to  the  Velocity 
of  the  Motion.  The  whole  Force  therefore  arifing  from  thefe  two 
Caufes,  muft  neceffarily  be  proportional  to  thefe  two  Caufes  taken 
together.  And  therefore  in  Bodies  of  equal  Bignefs  and  Denfity,  or 
in  one  and  the  fame  Body,  the  Quantity  of  Matter  continuing  al¬ 
ways  the  fame,  the  Force  muft  neceffarily  be  always  proportional  to 
the  Velocity  of  the  Motion.  If  the  Force  were  as  the  Square  of  the 
Velocity,  all  that  part  of  the  Force,  which  was  above  the  Propor¬ 
tion  of  the  Velocity,  would  arife  either  out  of  Nothing,  or  (accord¬ 
ing  to  Mr.  Leibnitz' %  Philofophy  )  out  of  fome  living  Soul  effential- 
ly  belonging  to  every  Particle  of  Matter. 

Whenever  any  Effedt  is  in  a  duplicate  Proportion,  or  as  the 
Square  of  any  Caufe  ;  it  is  always  either  becaufe  there  are  two  Cau¬ 
fes  adting  at  the  fame  Time,  or  that  one  and  the  fame  Caufe  continues 
to  adt  for  a  double  Quantity  of  Time. 

The  Refiftance  made  to  a  Body  moving  in  any  fluid  Medium,  is 
in  a  duplicate  Proportion  to  the  Velocity  of  its  Motion ;  becaufe,  in 
Proportion  to  its  Velocity,  it  is  refilled  by  a  greater  Number  of 
Particles  in  the  fame  Time  ;  and  again,  in  Proportion  to  its  Veloci¬ 
ty,  it  is  refilled  by  the  fame  Particles  fingly  with  a  greater  Force, 
as  being  to  be  moved  out  of  their  Places  with  greater  Velocity. 

Light  decreafes  in  a  duplicate  Proportion  of  its  Diftance  from  the 
Sun  *,  becaufe  the  Rays  divaricate  according  to  two  Dimen fions  ;  ac¬ 
cording  to  the  Dimenfion  upwards  or  downwards,  and  according  to 
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the  Dimenfion  fide-ways.  But  according  to  the  third  Dimenfion  for¬ 
wards  from  the  Sun,  a  Ray  of  Light  undergoes  no  Alteration  ;  be- 
caufe  the  Particles,  of  which  it  confifts,  being  all  emitted  with  an 
equal  Velocity,  continue  every  where  at  equal  Didance  from  each 

other. 

One  and  the  fame  Caufe,  adfing  in  a  double  Quantity  of  Time, 
produces  the  fame  Effect,  as  two  equal  Caufes  acting  in  a  fingle  Quan¬ 
tity  of  Time.  One  and  the  fame  Force,  in  two  Parts  of  Time,  1  will 
caufe  a  Body  in  Motion  to  defcribe  the  fame  Space,  as  double  the 
Force  would  do  in  one  Part  of  Time.  The  Space  defcribed  there¬ 
fore  by  a  Body  in  Motion,  is  not  as  the  Force  ;  but  as  the  Force  and 
the  Time  taken  together.  A  Body,  with  any  the  lead  afilgnable 
Force,  will  move  through  infinite  Space,  if  it  meets  with  no  Re- 
fidence,  in  an  infinite  Time.  And  in  Spaces  where  there  is  an  uni¬ 
form  Rendence  to  Motion,  the  Space  defcribed  before  the  Motion 
ceafes,  mud  needs  be  as  the  Force  and  as  the  Time  together :  Be- 
caufe  a  double  Force  will  carry  a  Body  twice  as  far  in  the  fame  Time, 
and  will  alfo  caufe  the  Motion  to  be  twice  as  long  Time  in  deftroy-, 
ing  by  an  uniform  Refidence.  The  Space  defcribed  therefore  before 
the  Motion  ceafes,  is  in  this  Cafe  demondrably  as  the  Square  of  the 
Force.  A  Body  thrown  upwards  with  double  Force,  will  be  carried 
four  times  as  high,  before  its  Motion  be  dopped  by  the  uniform 
Refidence  of  Gravity  *,  becaufe  the  double  Force  will  carry  it  twice 
as  high  in  the  fame  Time,  and  moreover  require  twice  the  Time  for 
the  uniform  Refidence  to  dedroy  the  Motion.  The  Cafe  is  the  fame 
in  accelerated  Motion  ;  in  Bodies  accelerated  by  a  Succeflion  of 
~  elaftick  Impreflions,  or  falling  with  a  Motion  accelerated  by  the 
uniform  Power  of  Gravity,  or  by  any  other  uniform  Power  whatfo- 
ever.  The  Space  defcribed  mud  needs  be  as  the  Force,  and  as  the 
Time  wherein  the  Force  operates- 

What  I  have  thus  demonflr^ted  concerning  any  Force,  confidered 
as  the  Caufe  producing  an  Effedt  *,  and  concerning  the  Time,  during 
which  the  Force  operates*,  is  on  all  Hands  acknowledged  to  be  true 
concerning  Velocity.  And  therefore  Velocity  and  Force,  in  this 
Cafe,  are  one  and  the  fame  Thing.  So  that  to  affirm  Force  to  be  as 
the  Square  of  the  Velocity,  is  to  affirm  that  the  Force  is  equal  to  the 
Square  of  itfelf. 

Now  from  hence  appears  very  clearly  the  Ground  of  the  Error 
thefe  Gentlemen  have  fallen  into,  and  of  their  Mifapplication  of  the 
Experiments  they  build  upon. 

The  EfFedt  of  a  Force  imprefs’d  on  a  moveable  Body,  is  the  Mo¬ 
tion  of  that  Body  from  one  Place  to  another.  Now  forafmuch  as 
the  EfFedt  cannot  but  be  proportional  to  its  Caufe,  hence  Mr.  Leib¬ 
nitz  (whom  the  other  Gentlemen  have  followed)  contends  that  the 
Space  defcribed  by  a  Body  in  falling,  is  proportional  to  the  Force  by 
which  it  is  impelled  during  its  Fall.  Which  Space  being  agreed  to 
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be  as  the  Square  of  the  Velocity  (  as  being  proportional  £0  the  Ve¬ 
locity  and  to  the  T ime  taken  together  )  hence  they  infer  that  the  Force 
likewife  is  as  the  Square  of  the  Velocity. 

But  from  what  has  been  faid,  it  is  plain,  that  the  Space  defcribed 
in  thefe  and  all  other  the  like  Cafes,  is  not  as  the  Force  only,  but  as 
the  Force  and  as  the  Time  wherein  the  Force  a£ts  j  that  is  to  fay,  as 
the  Square  of  the  Force.  For  the  Caufe  of  the  Quantity  of  the 
Space  defcribed,  is  not  barely  the  Quantity  of  the  Force,  but  alfo 
the  Continuance  of  the  Time  wherein  the  Force  a£is.  The  Force 
therefore  and  the  Time  taken  together,  being  necefiarily  as  the 
Space  defcribed  •,  as  the  Velocity  and  the  Time  taken  together,  are 
on  all  Hands  acknowledged  to  be  *,  it  follows  that  the  Velocity  and 
the  Force  are  equal,  and  not  the  Force  as  the  Square  of  the  Ve¬ 
locity. 

When  two  unequal  Bodies  fattened  at  the  Ends  of  the  Arms  of  a 
Balance  of  unequal  Length,  counterpoife  each  other,  and  vibrate  in 
equal  Times ;  as  they  mutt  neceffarily  do,  being  fattened  to  the 
Arms  of  the  fame  Balance :  Which  is  an  Obfervation  Mr.  Leibnitz 
lays  great  Strefs  upon  :  In  that  Cafe  indeed  the  Forces  will  be  as  the 
Spaces  defcribed.  But  not  therefore  as  the  Square  of  the  Velocities. 
For  in  that  Cafe,  the  Velocities  themfelves  are  as  the  Spaces  defcribed, 
becaufe  the  Times  are  equal. 

When  a  Body  projected  with  a  double  Velocity,  enters  deeper  in¬ 
to  Snow  or  fofc  Clay,  or  into  a  Heap  of  fpringy  or  elaftick  Parts, 
than  in  Proportion  to  its  Velocity  \  it  is  not  becaufe  the  Force  is 
more  than  proportional  to  the  Velocity  \  but  becaufe  the  Depth  it 
penetrates  into  a  foft  Medium,  arifes  partly  from  the  Degree  of  thf 
Force  or  Velocity,  and  partly  from  the  Time  wherein  the  Force 
operates  before  it  be  fpent. 

In  the  Collifion  of  hard  Bodies,  it  is  (l  think)  agreed  on  all  Hands, 
that  it  is  demonftrated  by  Reafon,  and  confirmed  by  Experience  ; 
that  when  a  perfectly  hard  Ball,  moved  with  whatever  Degrees  of 
Velocity,  ftrikes  full  upon  another  hard  Ball,  equal  in  Bignefs  and 
Weight,  and  without  any  Motion  in  it  *,  if  the  Balls  be  unelaftick, 
they  will  both  go  on  together  the  fame  Way,  dividing  the  Motion 
equally  between  them,  with  half  the  Velocity  the  firft  Ball  had  ori¬ 
ginally  :  But  if  they  be  perfectly  elaftick,  the  moving  Ball  will  com¬ 
municate  its  whole  Motion  and  Velocity  to  the  quiefcent  Ball,  and 
it  felf  lie  ftill  in  the  other’s  Place.  Were  it  true  now,  that  the  Force 
of  the  moving  Ball  was  as  the  Square"of  its  Velocity  ;  thefe  Experi¬ 
ments  would  then  fhew  (  which  is  infinitely  abfurd )  that  the  Force 
or  vis  inertice  in  the  quiefcent  Ball,  the  dead  Force,  was  always  pro¬ 
portional  to  the  Square  of  the  Velocity  (which  thefe  Gentlemen  affedl 
to  call  the  living  Force)  of  the  moving  Ball,  whatever  its  Velocity 
were.  Or  the  Force  in  both  might  juft  as  reafonably  be  luppofed  to 
be  as  the  Cube,  or  the  quadrate-quadrate,  or  any  other  Power  of 
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the  Velocity  of  the  moving  Ball.  Which  is  turning  the  Nature  of 
Things  into  Ridicule. 

III.  Whereas  feveral,  who  have  been  curious  in  meafuringof  Time,  A  Contrivance 
have  taken  Notice,  that  the  Vibrations  of  a  Pendulum  are  flower  in  to  avoid  the 
Summer  than  in  Winter  *,  and  have 
tion  has  proceeded  from  a  Change  c 
by  the  Influences  of  Heat  and  Cold  upon~it,  in  the  different  Seafons  JmlTiyfa 
of.  the  Year  ;  with  a  View  therefore  of  corre&ing,  in  fome  Degree,  Attion  of  Heat 
this  Defedl  of  the  Pendulum,  I  made  feveral  Trials,  about  th  $  and  Cold  upon 
Year  1715,  to  difcover  whether  there  was  any  confiderable  Difference  tJp  °‘  tf 
of  Expanfion  between  Brafs,  Steel,  Iron,  Copper,  Silver,  LrV.  when  Mr.  G^Gra^ 
expofed  to  the  fame  Degrees  of  Heat,  as  nearly  as  I  could  deter-  ham.  Watch- 
mine  ;  conceiving  it  would  not  be  very  difficult,  by  making  ufe  of  Maker,  F.RS. 
two  Sorts  of  Metals,  differing  confiderably  in  their  Degrees  of  Ex-  N-392-M°» 
panfion  and  Contra&ion,  to  remedy,  in  great  Meafure,  the  Irregu¬ 
larities  to  which  common  Pendulums  are  fubjedt.  But  although  it  is 
eafily  difcoverable,  that  all  thefe  Metals  fuffer  a  fenfible  Alteration 
of  their  Dimenfions  by  Heat  and  Cold  ;  yet  I  found  their 
Differences,  in  Quantity  from  one  another,  were  fo  fmall,  as  gave 
me  no  Hopes  of  fucceeding  this  Way,  and  made  me  leave  off  pro- 
fecuting  this  Affair  any  farther  at  that  Time.  In  the  Beginning  of 
Dec.  1721,  having  Occafion  for  an  exadt  Level,  befides  other  Mate¬ 
rials  I  made  Trial  of,  Quickfilver  was  one  ;  which,  although  I  found 
it  was  by  no  Means  proper  for  a  Level,  yet  the  extraordinary  De¬ 
gree  of  Expanfion,  that  I  obferved  in  it,  when  placed  near  the  Fire, 
beyond  what  I  had  conceived  to  be  in  fo  denfe  a  Fluid,  immediately 
fuggefted  to  me  the  Ufe  that  might  be  made  of  it,  by  applying 
it  to  a  Pendulum.  In  a  few  Days  after,  I  made  the  Experiment, 
but  with  much  too  long  a  Column  of  Quickfilver,  the  Clock  going 
flower  with  an  Increafe  of  Cold,  contrary  to  the  common  Pendu¬ 
lum  ;  however,  it  was  a  greater  Confirmation  of  the  Advantage  to 
be  expedted  from  it,  fince  it  was  eafy  to  ffiorten  the  Column  in 
any  Degree  required.  The  only  doubt  I  entertained,  was,  left  there 
fhould  not  be  a  proportional  Expanfion  and  Contraction  between  the 
Quickfilver,  and  the  Rod  of  the  Pendulum,  through  the  various 
Degrees  of  Heat  and  Cold,  from  the  one  Extreme  to  the  other.  To 
make  this  Experiment  the  more  convincing,  I  placed  the  Clock  in 
a  Part  of  the  Houfe,  the  molt  expofed  of  any  to  the  Changes  of 
Heat  and  Cold,  the  Room  having  no  Fire  in  it  in  the  Winter,  and 
expofed  to  a  South  Sun,  with  Leads  above  it,  which,  in  the  Sum¬ 
mer,  made  it  extremely  hot.  I  hung  a  Thermometer  by  it,  and 
had  likewife  another  Clock  at  no  greater  Diftance  from  it, 
than  was  neceflary  to  keep  the  Cafes  from  touching  one  another. 

This  Clock  had  been  made  fome  Years  before,  with  extraordinary 
Care,  having  a  Pendulum  about  60  Pounds  in  Weight,  and  not 

aq  2  vibrating 


very  juftly  fuppofed  this  Altera-  ^regularities 
Length  in  the  Pendulum  itfelf,  l?/A-Cir,(k's 
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vibrating  above  one  Degree  and  a  half  from  the  Perpendicular ;  and 
which,  in  a  more  temperate  Situation,  had  not  altered  above  12 
or  14"  in  24  Hours,  between  Winter  and  Summer-,  but  in  this 
Place  it  altered  3  o''  a  Day,  between  the  hotteft  and  coldeft  Wea¬ 
ther,  in  the  Year  1722,  a  Year  no  way  remarkable  for  either  Ex¬ 
treme.  But  this  great  Alteration  was  owing  to  the  Situation  I 
mentioned  above,  and  which  I  made  Choice  of  for  the  fake  of  mak¬ 
ing  the  Experiment  the  more  fenfible.  The  two  Clocks  being  firm- 
]yt  fcrewed  to  a  Party- Wall,  I  began  to  make  the  firfh  Trial  of  this 
Kind  of  Pendulum,  Dec.  18.  1721,  and  by  Jan.  3.  perceiving  the 
Pillar  of  Quickfilver  confiderably  too  long,  I  procured  a  fhorter 
Glafs,  which  I  got  ready  by  the  eighth,  and  made  ufe  of,  until  the 
Beginning  of  June  following  :  By  which  Time  I  was  well  fatisfied  of 
the  Advantage  of  the  Contrivance,  notwithftanding  both  thefe  Pen¬ 
dulums  were  but  rudely  executed,  and  this  laft  had  the  Pillar  of 
Quickfilver  too  fhort,  but  much  nearer  the  true  Length  than  the 
firft.  This  encouraged  me  to  provide  another  Glafs,  a  little  longer 
than  the  laft,  and  to  beftow  more  Care  upon  all  the  Parts  of  the 
Pendulum  that  required  Exa&nefs.  This  being  finifhed,  by  the  9th 
of  June ,  I  began  then  to  obferve  the  Motion  of  the  Clock,  by  the 
Tran  fits  of  the  fixed  Stars,  as  often  as  the  Weather  permitted,  mak¬ 
ing  ufe  of  a  Telefcope  which  moved  in  the  Plane  of  the  Meridian  ; 
with  this  Inftrument  I  could  be  fure  of  not  erring  above  two  Se¬ 
conds  in  Time.  The  Clock  was  kept  conftantly  going,  without  hav¬ 
ing  either  the  Hands  or  Pendulum  altered, from  the  9th  oijune,  1722, 
to  the  14th  of  Out.  1725,  being  three  Years  and  four  Months. 

For  the  firft  Year,  I  wrote  down  every  Day,  the  Difference  be¬ 
tween  the  two  Clocks,  with  -the  Height  of  the  Thermometer,  not 
omitting  the  Tranfits  of  the  Stars,  as  often  as  it  was  clear.  The 
Refult  of  all  the  Obfervations  was  this,  That  the  Irregularity  of  the 
Clock,  with  the  Quickfilver  Pendulum,  compared  with  the  Tranfits 
of  the  Stars,  exceeded  not,  when  greateft,  a  fixth  Part  of  that  of 
the  other  Clock  with  the  common  Pendulum  -,  but  for  the  greateft 
Part  of  the  Year,  not  above  an  eighth  or  ninth  Part ;  and  even 
this  Quantity  would  have  been  leffened,  had  the  Pillar  of  Mercury 
been  a  little  fhorter  ;  for  it  differed  a  little  the  contrary  Way  from 
the  other  Clock,  going  fafter  with  Heat,  and  flower  with  Cold  *,  but 
I  made  no  Alteration  in  Length,  to  avoid  an  Interruption  of  the 
Obfervations.  To  confirm  this  Experiment  the  more,  about  the  Be¬ 
ginning  of  July ,  1723,  I  took  off  the  heavy  Pendulum  from  the  other 
Clock,  and  made  another  with  Quickfilver,  but  with  this  Difference, 
that  inftead  of  a  Glafs  Tube,  I  made  ufe  of  Brafs,  and  varnifhed  the  in¬ 
fide,  to  fecure  it  from  being  injured  by  the  Mercury.  This  Pendulum  I 
have  made  ufe  of  ever  fince,  and  find  it  about  the  feme  Degree  of 
'Exadtnefs  as  the  other.  The  Reafon,  why  this  kind  of  Pendulum 
;is  more  exaft  than  the  common  Sort,  will  be  evident  to  any  ope. 
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who  con  fide rs,  that  as  Heat  lengthens  the  Rod  of  the  Pendulum,  at 
the  fame  Time  it  increafes  the  Length  of  the  Pillar  of  Quickfilver, 
and  its  Center  of  Gravity  is  moved  upwards  :  And  when,  by  Cold, 
the  Rod  of  the  Pendulum  is  fhortened,  the  Pillar  of  Quickfilver  is 
likewife  fhortened,  and  its  Center  of  Gravity  carried  downwards  *,  by 
this  Means,  if  the  Column  of  Quickfilver  be  of  a  proper  Length, 
the  Diftance,  between  the  Point  of  Sufpenfion  and  the  Center  of 
Ofcillation  of  the  Pendulum,  will  be  always  nearly  the  fame,  up¬ 
on  which  the  exaCt  Motion  of  a  Clock  principally  depends.  Were 
the  Pendulum  of  a  Clock  to  remain  invariably  of  the  fame  Length, 
yet  fome  little  Inequalities  would  appear  in  its  Motion,  from  the  Dif¬ 
ference  of  Fri&ion  arifing  from  the  Imperfections  of  the  Materials, 
as  well  as  different  Degrees  of  Foulnefs  •,  upon  which  Account,  the 
Force  communicated  to  the  Pendulum,  would  not  be  conftantly 
equal,  which  would  caufe  fome  fmall  Alteration.  But  when  the  Pen¬ 
dulum  is  very  heavy,  and  vibrates  in  a  fmall  Arch,  and  the  Workman- 
fhip  of  all  the  Parts  is  well  performed,  there  will  be  very  little  Ine¬ 
quality  in  the  Motion,  befides  what  proceeds  from  Heat  and  Cold. 

In  making  ufe  of  Quickfilver  for  a  Pendulum,  by  varying  the 
Diameter  of  the  Veffel  that  contains  it,  or  the  Thicknels  of  the  Rod 
of  the  Pendulum,  whether  it  be  of  Brafs  or  Steel,  they  may  be 
reduced  nearly  to  an  Equality  as  to  the  receiving,  or  retaining  the 
Impreffions  of  Heat  or  Cold,  upon  which  the  greater  Regularity  of 
the  Motion  depends  and  particular  Care  ought  to  be  ufed  to  free 
the  Mercury  from  all  Blebs  of  Air,  otherwife  their  great  and  Hidden 
Expanfion,  or  Contraction,  may  caufe  a  confiderable  Dilorder  *, 
but  the  Air  may  as  eafily  be  excluded  in  this  Way,  as  in  a  Baro* 
meter,  and  the  great  fpecifick  Gravity  of  Quickfilver,  renders  it  a 
proper  Material  for  the  Weight  of  a  Pendulum. 


IV.  Prop.  I.  Vi  gravitatis ,  ejufque  direptione  datis ,  motus  cor  foris  of  the  para- 
frojecli ,  in  medio  non  refifiente ,  fit  in  Parabola.  bolic  Motion 

D em.  Projiciatur  corpus  de  loco  A  in  directione  lineas  AB,  fit-  V  Projeftiis, 
que  ejus  trajeCtoria  curva  A  C  D.  Ad  trajeCtorire  punctum  quod-  ™rttten  in 
libet  C,  duc  reCtam  CB  in  direCtione  vis  Gravitatis,  reCte  A  B  Tay°or,'V  ^ 
occurrentem  in  B  ;  atq*,  refolvetur  motus  projeCtilis  per  AC  in  S.  N°  367. 
partes  AB,  B  C,  quarum  AB  oritur  a  motu  projeCtionis  uni-A.G1- 
formi,  atque  B  C  a  vi  gravitatis  accelerante.  Eft  ergo  recta  de-  12'* 

feripta  A  B  tempori  proportionalis  ab  initio  motus  in  A,  atq;  eft 
BC  in  duplicata  ratione  ejufdem  temporis,  ficut  olim  demonftravit 
Galilaeus  ;  adeoque  in  duplicata  ratione  recte  A  B.  Cum  ergo  fit 
B  C  in  duplicata  ratione  recite  A  B,  conftat  curvam  A  C  D  eile 
Parabolam.  Q^E.  D. 

Prop.  II.  Velocitas  corporis  frojecli  in  quolibet  fun  flo  iraiefior'ur , 
e a  eft,  quam  corpus  acquirere  foteft  cadendo  fer  altitudinem  ecqualem 
quart  ee  farti  far  ametr  i  Parabola:  ad  funflum  illud. 

Dem.  , 
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Dm.  Sit  Trajedtoria  A  C  D.  Ad  pundtum  quodlibet  A  ducantur 
tangens  AB,  &  diameter  A  E.  In  tangente  A  B  fiat  A  B  aequa¬ 
lis  dimidio  parametri  ad  verticem  A,  &  diametro  AE  parallela 
ducatur  B  C,  trajedtoris  occurrens  in  C,  &  ad  pundtum  C  duci  in- 
telligatur  tangens  C  G,  tangenti  A  B  occurens  in  F,  atq;  diame¬ 
tro  A  E  in  G.  Tum  ex  natura  parabolae  erunt  A  G,  C  B  squa¬ 
les,  adeoq;  &  A  F,  FB;  &  quoniam  eft  A  B  squalis  dimidio 
parametri  ad  pundtum  A,  erit  BC  quarta  pars  ejufdem  parametri, 
&  proinde  squalis  ipfi  B  F.  Ipfi  B  C  proximam  &  parallelam  duc 
b  c,  parabols  occurrentem  in  c,  &  duc^  lines  B  b,  parallelam  C  0, 
ipfi  bc  occurrentem  in  /3.  Tum  quoniam  fpatium  C  c,  adeoque 
&  fpatium  0  c,  finguntur  perexigua,  velocitates  quibus  defcribun- 
tur  erunt  squabiles  quamproxime  i  adeoq;  fpatia  B  b,  feu  C  0 , 
C  c,  cum  eodem  tempore  defcribantur,  erunt  ut  velocitates  quibus 
defcribuntur,  &  viciffim  velocitates  erunt  ut  fpatia.  Coincidant 
pundta  C  c,  atq;  erunt  hs  rationes  accurats.  Sed  in  ifto  cafu 
propter  fimilia  triangula  C  0  c,  F  B  C,  fit  C  0  ad  0  c,  ficut  F  B 
ad  BC;  ideoq;  velocitates  quibus  defcribuntur  B  b,  0  c  funt  ut 
FB,  B  C,  hoc  eft,  funt  squales.  Velocitas  autem,  qua  defcribitur 
B  b,  ea  eft,  qua  movetur  projedtile  in  pundto  A,  &  velocitas  altera 
qua  defcribitur  0  c,  ea  eft  quam  corpus  acquirit  cadendo  per  al~ 
titudinem  BC  quarts  partis  parametri  ad  pundhim  A.  Eft  ergo 
velocitas  projedtilis  in  quolibet  pundto  A  squalis  velocitati,  quam  cor¬ 
pus  acquirere  poteft  cadendo  per  altitudinem  quarts  partis  parametri 
ad  pundtum  illud.  Q.  E.  D. 

Prop.  III.  Datis  velocitate  &  dire  Bione  p rojeBionis ,  invenire  Ura- 
jeBoriam  corporis  projeBi. 

1.  Projiciatur  corpus  de  loco  in  diredtione  redts  AB.  Duc  A  C 
in  diredtione  vis  gravitatis,  (  hoc  eft  Horizonti  perpendicularem,  ) 
ejus  longitudinis,  ut  fit  C  pundtum,  unde  corpus  cadendo  acquirere 
poteft  velocitatem  in  A,  qua  fit  projedtio.  Duc  A  F  squalem 
AC,  angulum  FAB  conftituentem  cum  linea  diredtionis  AB, 
aequalem  angulo  C  A  B.  Duc  C  D  perpendicularem  ad  A  C  fhoc 
eft  horizonti  parallelam, )  eiq;  occurrentem  F  D,  ipfi  A  C  paralle¬ 
lam.  Bifeca  F  D  in  E  ;  atqj  erit  E  F  axis,  atq;  E  vertex  princi¬ 
palis  Parabols,  per  quam  movetur  projedtile.  Unde  defcribetur 
Trajedtoria  per  notas  proprietates  Parabols.  Q.  E.  F. 

Dem .  Eft  enim  A  C  quarta  pars  parametri  ad  verticem  A.  Unde 
conftant  cstera  ex  conicis. 

2.  Ad  pundtum  Trajedtoris  quodvis  G,  duc  GH  ipfi  AC  pa¬ 
rallelam,  &  ipfi  C  D  occurrentem  in  H  ;  atque  erit  H  G  altitudo, 
per  quam  corpus  cadendo  acquirere  poteft  velocitatem,  qua  movetur 
projedtile  in  pundto  G.  Q^E.  F. 

Hoc  item  conftat  ex  Prop.  2.  &  ex  conicis. 

Fig.  128.  SchoL  Si  ad  pundta  A,  &  C  ducantur  tangentes  AB,  CG  oc¬ 
currentes  redtis  horizonti  perpendicularibus  C  B,  A  G,  in  B<k  G  ; 

velocitates 
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velocitates  in  A  &  C  erunt  inter  fe  ut  tangentium  partes  intercepts, 

A  B,  C  G.  r.  ... 

Prop.  IV.  Unico  faCto  experimento  invenire  velocitatem  projectionis. 

Projiciatur  corpus  de  loco  A  in  diredione  qualibet  A  B,  atq;  ob-  Fig.  128. 
fervetur  pundum  percuffum  C.  In  diredione  vis  gravitatis  ducatur 
C  B,  ipfi  A  B  occurrens  in  B,  atque  ipfis  C  B,  AB,  fiat  tertia 
proportionalis  L.  Erit  quarta  pars  longitudinis  L.  altitudo,  per 
quam  corpus  cadendo  acquirere  poted  velocitatem  projedilis  in  A. 

Q:  E.  I. 

Dem.  Ed  enim  L  parameter  Trajedoris  ad  pundum  A  ;  unde 
condat  folutio  per  propofitionem  fecundam. 

Schol.  Commodiflime  indituitur  experimentum,  ereda  ad  horizon- 
tem  perpendiculari  A  G,  &  diredionem  fumendo  A  B,  quae  bifecet 
angulum  C  A  G  j  reda  etiam  AC  exidente  horizonti  parallela. 

Nam  in  ido  cafu  altitudo  qusfita  aequalis  ed  dimidio  didan- 
tis  A  C. 

Prop.  V.  Datis  direClione  &  velocitate  projeCtionis  ;  invenire  occur- 
[um  Trajectories  cum  reCtd  tranfeunte  per  pundum  unde  fit  projedio. 

Projiciatur  corpus  de  loco  A  in  diredione  redae  A  B.  In  direc-  Eg.  130; 
tione  gravitati  contraria,  fiat  A  C  squalis  altitudini,  per  quam  cor¬ 
pus  cadendo  acquirere  poted  velocitatem,  qua  fit  projedio,  atq;  du¬ 
catur  C  E  ipfi  A  C  perpendicularis.  Fiat  F  A  squalis  ipfi  C  A, 
atq;  angulum  condituens  F  A  B  squalem  angulo  C  A  B.  Sit  A  K 
reda,  cujus  occurfus  cum  Trajedoria  qusritur.  Duc  F  I  ipfi  A  K 
perpendicularem,  atq;  ipfi  C  E  occurrentem  in  D.  In  C  E  fume 
E  D  squalem  C  D,  atq;  ducatur  ipfi  C  E  perpendicularis  E  K, 
ipfi  AK  occurrens  in  K.  Erit  K  pundum  qusfitum. 

Dem.  In  F I  produda  fiat  fi  squalis  F  I,  atq;  ducantur  fA,  fE, 

F  E,  F  K.  Quoniam  ed  angulus  F  I A  redus,  atq;  fl  squalis  F  I, 
ed  etiam  f  A  squalis  F  A.  Sed  per  condrudionem  ed  F  A  squalis 
C  A,  atque  angulus  D  C  A  redus.  Sunt  ergo  punda  C,  F,  f  ad  cir¬ 
culum  centro  A  deferiptum,  quem  tangit  reda  D  C  in  C.  Sunt  ergo 
F  D,  CD,  fD,  continue  proportionales.  Sed  ed  ED  squalis  CD 
(percondrudionem).  Sunt  ergo  F  D,  E  D,  f  D  continue  proportionales ; 
adeoque  ob  angulum  communem  ad  D,  triangula  FED,  E  f  D  funt 
fimilia,  atque  angulus  D  E  F  squalis  angulo  E  f  F.  Punda  itaq;  tria 
F,  E,  f  funt  ad  Circulum,  quem  tangit  reda  E  D  in  E.  Sed  quoniam 
ed  fi  squalis  F  I,  atq;  angulus  FIK  redus,  centrum  idius  circuli 
ed  in  reda  I  K  ;  item  quoniam  ed  angulus  D  E  K  redus,  centrum  il¬ 
lud  ed  etiam  in  reda  EK.  Ed  ergo  K  centrum  idius  circuli,  ade¬ 
oque  FK  squalis  ed  ipfi  E  K.  Jam  {per  Prop.  3.)  funt  F  focus 
Trajedoris,  atq;  C  A  quarta  pars  parametri  ad  pundum  A.  Unde 
cum  fit  C  E  ad  A  C  &  E  K  perpendicularis,  atq;  F  K  squalis  E  K, 
erit  pundum  K  ad  Trajedoriam  (per  conicaj  Q.  E.  D. 
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Prop.  VI.  Iifdem  datis ,  invenire  occurfum  Trajectories  cum  reCld,  qua¬ 
libet  pofitione  data. 

Projiciatur  corpus  de  loco  A  in  diredtione  A  B,  fitq;  G  H  redta 
cujus  occurfus  cum  Trajedtoria  qu«ritur.  Duc  A  C  in  directione  gra¬ 
vitati  contraria,  atq;  «qualem  altitudini,  per  quam  corpus  cadendo 
acquirere  poteft  velocitatem,  qua  fit  projedtio  ;  &  duc  A  F  «qualem 
ipfi  A  C,  ita  ut  fit  angulus  F  A  B  «qualis  angulo  C  AB;  &  duca¬ 
tur  C  E  perpendicularis  ipfi  C  A.  Ducatur  FI  ipfi  G  H  occurrens 
ad  angulos  redtos  in  I,  atq*,  ipfi  C  E  in  D  ;  &  in  F  I  fiat  f  I  «qua¬ 
lis  F  I.  In  C  E  fiat  E  D  media  proportionalis  inter  F  D  &  f  D-,  & 
ipfi  C  E  ducatur  perpendicularis  E  K,  ipfi  G  H  occurens  in  K. 
Erit  K  pundtum  qu«fitum.  Q^E.  I. 

Dem.  Conjungendo  f  E  demonftratur  ad  modum  propofitionis  pr«- 
cedentis. 

Schol.  Quoniam  pundtum  E  fumi  poteft  ad  utramlibet  partem  punc¬ 
ti  D,  duo  lunt  pundta  K,  k,  ubi  redta  G  H  occurrit  Trajedtori«. 

Prop.  VII.  Data  velocitate  projectionis ,  invenire  directionem,  quee 
faciat ,  ut  TrajeCtoria  tranfeat  per  punCtum  datum. 

Projiciatur  corpus  de  loco  A,  &  fit  K  pundtum,  per  quod  tranfire 
debet  Trajedtoria  qu«fita.  Fiat  A  C,  in  diredtione  gravitati  contra¬ 
ria,  «qualis  altitudini,  per  quam  corpus  cadendo  acquirere  poteft  ve¬ 
locitatem  projedtionis.  Ducatur  C  E  ipfi  A  C  perpendicularis,  &  ad 
eam  duc  K  E  perpendicularem.  Centris  A  &  K,  &  radiis  C  A, 
E  K  deferibantur  duo  circuli  fibi  mutuo  occurrentes  in  F.  Duc  F  A, 
&  bifeca  angulum  C  A  F  redta  A  B.  Erit  A  B  diredtio  qu«fita,  in 
qua  fieri  debet  projedtio,  ut  tranfeat  Trajedtoria  per  pundtum  K. 
QE.F. 

Dem.  Eft  C  A  «qualis  quart«  parti  parametri  ad  pundtum  A  (per 
Prop,  t .)  Et  per  conftrudtionem  funt  F  A,  C  A  «quales,  item  F  K, 
E  K.  Eft  ergo  F  focus  Parabol«  per  pundta  A,  K,  defcript«.  Sed 
illam  tangit  redta  AB  in  A,  propter  angulos  F  A  B,  CAB  «quales. 
Corpore  itaq;  projedto  de  pundto  A,  in  diredtione  A  B,  ea  cum  velo¬ 
citate,  quam  corpus  acquirere  poteft  cadendo  per  altitudinem  C  A, 
tranfibit  Trajedtoria  per  pundtum  K.  Q^E.  D. 

N.  B.  Cum  circulorum  centris  A,  K,  &  radiis  C  A,  E  K,  de- 
feriptorum  duo  fint  concurfus,  F  f,  bifedtis  angulis  FAC,  f  A  C, 
duo  etiam  erunt  diredtiones,  qu«  faciant,  ut  Trajedtoria  tranfeat  per 
pundtum  datum  K. 

Prop.  VIII.  Data  diretlione  projedionis,  invenire  velocitatem ,  qu  ce  fa¬ 
ciat  ut  TrajeCtoria  tranfeat  per  punClum  datum. 

Projiciatur  corpus  de  loco  A  in  diredtione  redt«  A  B,  &  facien¬ 
dum  fit  ut  tranfeat  Trajedtoria  per  pundtum  K.  Duc  A  K,  eamque 
bifeca  in  C,  &  in  diredtione  gravitatis  duc  C  B,  ipfi  A  B  occurren¬ 
tem  in  B  ;  &  junge  B  K.  Duc  A  D,  K  E,  ipfi  C  B  parallelas,  & 
ducantur  A  F,  K  F  fibi  mutuo  occurrentes  in  F,  ita  ut  fint  anguli 
F  A  B,  D  A  B  «quales,  item  F  K  B,  E  K  B.  Erit  F  A  «qualis 

altitudini 
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altitudini,  per  quam  corpus  cadendo  acquirere  pote  ft  velocitatem 
quasfitam,  qua  projedtio  fieri  debet  in  diredtione  A  B,  ut  tranfeat 

Trajedtoria  per  K.  Q.  E.  F. 

Bern.  Quoniam  C  B  eft  in  directione  gravitatis,  eft  diameter  Pa¬ 
rabolae  *,  &  quoniam  CA  aequalis  eft  CK,  eft  CB  diameter  ad 
ordinatam  A  K.  Unde  cum  fit  A  B  tangens  ad  parabolam  in  A, 
erit  etiam  KB  tangens  ad  pundtum  K.  Hinc  quoniam  AD  eft  in 
diredtione  diametrorum,  atque  angulus  FAB  aequalis  angulo  DA  B, 
tranfit  A  F  per  focum  parabolae.  Eodem  argumento  tranfic  etiam 
K  F  per  focum.  Eft  ergo  F  focus  parabolae,  adeoque  F  A  quarta 
pars  parametri  ad  pundtum  A,  quae  proinde  aequalis  eft  altitudini, 
per  quam  corpus  cadendo  acquirere  poteft  velocitatem  ad  hoc  necefta- 
riam,  ut  projedlo  corpore  de  A,  in  diredtione  AB,  tranfeat  Tra¬ 
jedtoria  per  pundtum  K. 

Prop.  IX.  Invenire  velocitatem  minimam  Er  directionem  ei  congruam , 
qua  fieri  poteft ,  ut  tranfeat  5T 'rajefioria  per  punCtum  datum. 

Projiciendum  fit  corpus  de  loco  A  cum  velocitate  omnium  mi-  Fig.  153. 
nima  &  diredtione  ei  congrua,  qua  fieri  poteft  ut  perveniat  in  locum 
K,  hoc  eft  ut  tranfeat  Trajedtoria  per  pundtum  K.  Ductis  A  C, 

K  E  in  diredtione  gravitati  contraria,  &  ducta  A  K,  bifeca  angulos 
C  A  K,  EKA  redtis  AB,  K  B,  fibi  mutuo  occurrentibus  in  B.  Duc 
B  C  ipfi  A  C  occurrentem  ad  angulos  redtos  in  C,  atque  erit  C  A 
altitudo,  per  quam  corpus  cadendo  acquirere  poteft  velocitatem  quas- 
fitam  *,  eritque  A  B  diredtio  quasfita.  Q.  E.  F. 

Dem.  Ducatur  B  F  ipfi  A  K  occurrens  ad  angulos  redtos  in  F, 
atque  occurrat  CB  ipfi  K  E  in  E.  Propter  angulos  CAB,  BAF, 
item  angulos  EKB,  BKF,  aequales,  atque  angulos  redtos  in  C, 

E,  &  F,  erunt  aequales  CA,  F  A,  item  E  K,  FK.  Iftinc  con¬ 
flat  pundta  A,  K  efife  ad  parabolam,  quam  tangit  redta  AB  in  A, 
cujufque  parameter  ad  pundtum  A  eft  quadruplum  altitudinis  C  A, 
foco  exiftente  F.  Corpore  itaque  projedlo  de  A  in  diredtione  A  B, 
ea  cum  velocitate,  quam  corpus  acquirere  poteft  cadendo  per  altitu¬ 
dinem  C  A,  Trajedtoria  erit  didta  Parabola  (per  Prop.  2.)  Dico 
autem  illam  efie  velocitatem  minimam,  feu  efife  C  A  partem  quar¬ 
tam  parametri  omnium  minimas,  qua  Parabola  defcribi  poteft,  quas 
tranfeat  per  pundta,  A,  K. 

Si  fieri  poteft,  in  C  A  capiatur  altitudo  c  A  minor,  quas  fit  quarta 
pars  parametri  ad  pundtum  A.  Duc  ipfi  C  A  perpendicularem 
c  e,  ipfi  K  E  occurrentem  in  e,  &  centro  A  &  radio  A  c,  defcri- 
batur  circulus  ipfi  A  K  occurrens  in  f.  Quoniam  c  A  dicitur  quar¬ 
ta  pars  parametri  ad  pundtum  A,  focus  Parabolas  erit  pundtum  ali¬ 
quod  p,  in  circumferentia  circuli  c  p  f,  centro  A  &  radio  A  c  de- 
fcripti.  Si  ergo  fit  pundtum  K  ad  parabolam  illam,  erit  p  K  aequa¬ 
lis  eK.  Eft  vero  F  K  aequalis  E  K.  Unde  cum  fit  eK  minor 
ipfa  E  K,  erit  etiam  p  K  minor  ipfa  F  K.  Sed  eft  p  K  major  ipfa 
fK,  atque  eft  fK  major  ipfa  F  K,  (quoniam  eft  f  A  minor  ipfi 
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F  A  per  hyp. )  unde  fir  p  K  major  ipla  F  K.  Sed  jam  dicebatur 
p  K  minor  ipfa  F  K  qu?e  repugnant.  Nequit  ergo  Parabola  de- 
j'cribi,  qua;  tranfeat  per  punfta  A,  K,  minori  parametro  quam  in 

1‘olutione  definitum  eft.  Q^E.  D. 

Prop.  X.  Data  v  do  citate  projedionis,  invenire  diredionem,  que  fa¬ 
ciat,  ut  corpus  projiciatur  ad  diftantiam  omnium  maximam  in  piano 

dato  ;  atque  diftantiam  illam  definire . 

Sit  planum  datum  A  K  atque  invenienda  fit  diftantia  maxima  AK, 
ad  quam  corpus  projici  poteft  in  plano  illo. 

Due  AC'  in  directione  gravitati  contraria,  aequalem  quartas  parti 
parametri  ad  pundtum  A.  Tum  bifedto  angulo  CAK  redta  AB, 
erit  A  B  diredtio  projedtionis  quiaefita.  Duc  C  B  ipfi  C  A  perpen¬ 
dicularem,  redae  AB  occurrentem  in  B,  atque  in  CB  produdta 
fiat  B  E  aequalis  ipfi  B  C.  T  um  dudta  E  K,  ipfi  C  A  parallela, 
quae  occurrat  plano  A  K  in  K,  erit  A  K  diftantia  maxima 
quae  fita. 

Bern.  Centro  A  &  radio  A  C  (jeferibe  circulum,  ipfi  AK  occurren¬ 
tem  in  F,  &  ducantur  B  F,  B  K.  'Quoniam  anguli  CAB,  BAF  fiunt 
aequales  (  per  conftrudtionem  )  atque  A  F  aequalis  C  A,  erit  B  F 
aequalis  C  B,  aequalis  BE  (per  conftrudtionem)  atque  anguli  ad 
F  recti.  Unde  etiam  fit  F  K  aequalis  E  K.  Sunt  ergo  puncta 
A,K  ad  parabolam  foco  F  deferiptam,  quam  tangit  A  B  in  A  (prop¬ 
ter  angulos  CAB,  FAB  c£  quales )  quarta  parte  parametri  ad  punc¬ 
tum  A  exi  ft  en  te  C  A.  Corpore  igitur  projedto  de  loco  A,  in  di- 
redtione  A  B,  ea  cum  velocitate,  quam  corpus  acquirere  poteft:  ca¬ 
dendo  per  altitudinem  C  A,  Trajedtoria  tranfibit  per  pundtum  K 
(  per  Prop.  2. )  Q^E.  D. 

"Dico  autem,  quod  fit  K  A  diftantia  omnium  maxima,  ad  quam 
corpus  projici  poteft  de  loco  A  eadem  cum  velocitate. 

Si  fieri  poteft,  eadem  parametro,  ad  A  deficribatur  parabola* 
quae  tranfeat  per  pundtum  diftantius  k,  hoc  eft,  projiciatur  corpus  ad 
diftantiam  majorem  k  A.  Duc  B  k,  atque  ipfi  KE  parallelam  k  e, 
ipfi  CE  occurrentem  in  e.  Quoniam  F  B,  E  B,  item  F  K,  E  K, 
funt Aquales,  fiunt  etiam  anguli  FBK,  EBK  aequales.  Angulus 
ergo  F  B  k  major  eft  angulo  kBe;  unde  fit  k  F  major  ipfa  k  e. 
Sed  quoniam  eft  A  C  quarta  pars  parametri  ad  pundtum  A,  focus 
parabola  erit  alicubi  in  circumferentia  circuli  centro  A,  &  radio 
C  A  clefcripti.  Sit  focus  ille  p,  &  ducatur  p  U  Tum  quoniam 
p  k  major  eft  ipfa  F  k,  erit  etiam  p  k  major  ipfa  k  e.  Sed  ut 
parabola  tranfeat  per  pundtum  k,  debet  clie  p  k  aequalis  k  e.  Ne¬ 
quit  ergo  parabola  duci  in  circumftantiis  propofitis,  quae  tranfeat 
per  pundtum  k  diftantius  pundto  K  •,  adeoque  nec  corpus  projici  ad 

diftantiam 'majorem  ipfa  KA.  Q.E.  D, 

Prop.  XL  Ii  ft  e  m  pofitis ,  invenire  locum  pundi  K,  /eu  Curvam  de- 
feribere ,  qua  tangat  omnes  parabolas  eodem  vertice  A  d  eadem  para - 
metro  defieri pt as. 


Sit 
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Sit  A  vertex  datus,  atque  in  dire&ione  gravitati  contraria  ducatur 
A  C  aequalis  quartae  parti  parametri  datae.  Tum  defcripta  parabola,  fig*  13.5: 
cujus  vertex  principalis  fit  C,  atque  focus  A  •,  erit  ca  curva  quaefita. 

Dem.  Duc  quamlibet  A  K,  atque  in  ea  fume  F  A  aequalem  CA, 

&  ducatur  C  B  ad  C  A  perpendicularis,  fitque  K  punblum  in  pro- 
pofitione  procedente  inventum.  In  A  C  produdta,  fa6ta  C  c  aequa¬ 
li  C  A,  ducatur  ce  parallela  ipfi  CE;  ducatur  etiam  KE  paral¬ 
lela  ipfi  A  C,  ipfis  C  E,  c  e  occurrens  in.  E  &  e.  Per  propofitionem 
praecedentem  eft  KE  aequalis  ipfi  FK  ;  unde  cum  fit  etiam  FA 
aequalis  ipfi  AC,  aequalis  ipfis  C  c,  Ee  f per  conftruflionem )  eft 
ergo  Ke  aequalis  KA;  unde  eft  pnndtum  K  ad  parabolam  foco 
A  &  vertice  principali  C  deferiptam.  E.  D. 

Bifedto  autem  angulo  A  K  E  a  rebla  K  B,  tanget  hrec  utramque 
parabolam,  tam  foco  F  per  A  &  K,  quam  foco  A  per  K  deferiptam. 

Unde  fe  mutuo  tangunt  parabolo.  CE  E.  D. 

V.  I  took  a  Ball  of  Gold  of  an  Inch  in  Diameter,  that  had  a  little  Experiments 
Stem  of  the  fame  Metal,  with  a  place  on  it  to  fallen  a  String  to  ;  t0  ^ 

and  having  fufpended  it  by  a  filken  Thread  too  ftrong  to  lengthen  by  Fluids,  March 
ftretching,  1  made  the  Diftance  between  the  Center  of  the  Ball,  and  30 th,  1721. 
the  Point  of  Sufpenfion  equal  to  12,5  Inches,  then  caufing  the  Ball  By  the  Rev. 
to  vibrate  in  a  Trough  full  of  Water,  (  which  had  an  upright  Piece  D.eb §u“ 
of  Wood  in  the  middle  of  one  fide  with  Pins  or  Keys  from  which 
the  Ball  hung,  that  the  Center  of  Sufpenfion  might  always  be  in  the  367.  />.  142. 
fame  Place )  I  obferved  by  looking  from  a  Pin  on  one  fide  of  the 
Trough  to  a  Mark  made  oppofite  to  it  on  the  other  fide,  where¬ 
abouts  the  String  of  the  Pendulum  (juft  above  the  Surface  of  the 
Water,  in  which  the  Ball  was  quite  immerfed )  went  after  14  Vibra¬ 
tions  ,  and  by  another  Pin  and  oppofite  Mark,  alfo  obferved  where 
it  went  to,  after  28  Vibrations.  Taking  out  the  Water,  I  filled  the 
Trough  with  Mercury,  the  length  of  the  Pendulum,  Point  of  Suf¬ 
penfion  and  all  other  things  remaining  as  before:  Then  letting  go 
the  Ball  in  the  Mercury  from  the  fame  Place  whence  it  was  let  down 
when  the  Trough  was  full  of  Water;  (which  was  marked  by  a 
String  ftretched  a-crofs  to  prevent  Miftakes  )  after  one  whole  Vibra¬ 
tion,  it  came  very  little  fhort  of  the  fame  Mark  as  it  had  come  to  in 
Water  after  fourteen  Vibrations ;  and  when  it  vibrated  twice  in  Mer¬ 
cury,  it  came  to  the  fame  Place  it  had  done  after  between  26  and  28 
Vibrations  in  Water  ;  and  this  it  did  exactly  feveral  times. 

Afterwards  filling  an  upright  Copper  Pipe  of  four  Inches  Diame¬ 
ter  with  Mercury  to  the  Height  of  3  Foot  10  Inches,  and  fufpend- 
ing  the  golden  Ball  in  it  by  a  fhort  String  about  an  Inch  long,  fo 
as  to  have  the  Ball  juft  immerfed  under  the  middle  of  the  Surface  of 
the  Mercury  ;  I  caufed  it  to  be  let  down  fuddenly,  and  obferving  how 
long  it  was  falling  down  to  the  Bottom  of'  the  Tube,  I  found  that 
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the  Experiment  was  difturbed  by  the  Ball-%  ftriking  againft  the  Sides 
of  the  Tube,  which  retarded  the  Fall  of  the  Ball,  and  the  more  fo 
the  oftner  the  Ball  {truck.  When  the  Ball  was  leaft  retarded,  it  was 
only  2  ~  Seconds  in  falling,  which  mult  be  taken  as  the  true  Time 
of  the  Fall  of  the  Ball  in  a  Height  of  Quickfilver  equal  to  3  Foot 
10  Inches;  becaufe  when  I  tryed  the  Experiment  again  at  home  the 
firfb  Day  of  April  following,  the  Ball  fell  in  the  Mercury  once  or 
twice  without  ftriking  the  fides  of  the  Tube  at  all,  but  not  in  lefs 
time  than  2  \  Seconds. 

I  alfo  repeated  the  other  Experiments  at  Home,  making  the  Gold¬ 
en  Pendulum  39,2  Inches  long,  fo  as  to  make  it  vibrate  but  once  in  a 
Second,  and  then  I  found  that  it  would  vibrate  5  or  6  times  in  the  Mer¬ 
cury  before  the  Vibrations  became  fo  fmall  as  not  to  be  obferved  ; 
and  then  the  firft  Vibration  in  the  Mercury  ended  very  near  where 
the  14th  in  Water  had  done  ;  the  fecond  in  Mercury  ended  where  the 
27th  in  Water  had  done,  and  obferving  the  third  Vibration  in  Mer¬ 
cury,  it  ended  exactly  at  the  Mark  where  the  40th  in  Water  ended  ; 
and  this  was  obferved  by  feveral  Perfons  as  well  as  myfelf. 

Then  I  weighed  14  Penny- weight  of  the  Mercury  (in  which  I  made 
the  Experiments  )  firft  in  the  Air,  then  in  Water,  where  it  loft  only 
one  Penny-weight  and  one  Grain  of  its  Weight  ;  that  is,  it  weighed 
in  Air  336  Grains,  and  in  Water  311,  fo  that  its  fpecifick  Gravity 
was  to  that  of  Water  as  13,44  to  1. 

As  to  the  golden  Ball  which  had  Varnifh  and  Cement  upon  it  to 
keep  the  Mercury  from  finking  into  it,  I  found  it  to  weigh  as  fol¬ 
lows, 

Ounces  dwt.  gr. 

It  weighed  in  Mercury  1  00  18  or  498  gr. 

in  Water  5  01  00  or  2424  gr. 

in  Air  5  07  09  or  2577  gr. 


I  took  the  Wire  and  Pendulum  of  a  long  Pendulum  Clock,  and 
having  faftened  the  golden  Ball  at  the  end  of  the  Wire  under  the  pen¬ 
dulous  Weight  that  lerved  for  the  Clock,  in  order  to  make  the  Vi- 
brations  of  the  golden  Ball  in  the  Mercury  continue  longer,  I  did 
not  find  it  to  keep  on  the  Motion  above  one  Swing  or  two  the  long¬ 
er  for  that  Help  ;  neither  did  a  round  Ball  of  Lead  placed  upon  the 
laid  Wire,  ju ft  above  the  Surface  of  the  Mercury,  help  any  more  ; 
A  Proportion  'and  as  I  found  fome  Inconveniences  in  thefe  two  laft  ways  of  making 
on  the  Balance,  the  Experiment,  I  rather  chufe  to  rely  upon  thofe  made  with  the 
not nmenNotice  golden  Ball  hanging  by  a  filken  Thread  of  39,2  Inches  long,  mea- 

Pea!  Writer luring  from  the  Point  of  Sufpenfion  to  the  Center  of  the  Ball. 


explained  and 
Confirmed,  by 
atiR 


Pbeor.y I.  AB  is  a  Balance,  on  which  is  fuppofed  to  hang  at  one 
an  Experiment .  pnq  £  the  Scale  E  with  a  Man  in  it,  who  is  counterpoifed  by  the 

N'^407  Tits  Weight  W  hanging  at  A,  the  other  End  of  the  Balance.  I  fay. 
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that  if  fiich  a  Man,  with  a  Cane  or  any  rigid  /freight  Body,  pufhes 
upwards  againft  the  Beam  any  where  between  the  Points  C  and  B 
( provided  he  does  not  pufh  diredtly  againft  B  )  he  will  thereby 
make  himfeif  heavier,  or  over-poife  the  Weight  W,  though  the  Stop 
GG  hinders  the  Scale  E  from  being  thruft  outwards  from  C  to¬ 
wards  G  G.  1  fay  likewife,  that  if  the  Scale  and  Man  fhould  hang 
from  D,  the  Man  by  pufhing  upwards  againft  B,  or  any  where  be¬ 
tween  B  and  D  (  provided  he  does  not  pufh  diredtly  againft  D  ) 
will  make  himfeif  lighter,  or  be  over-poifed  by  the  Weight  W, 
which  did  before  only  counterpoife  -the  Weight  of  his  Body  and 
the  Scale. 

If  the  common  Center  of  Gravity  of  the  Scale  E,  and  the  Man 
fuppofed  to  ft  and  in  it  be  at  k,  and  the  Man  by  thrufting  againft 
any  Part  of  the  Beam,  caufe  the  Scale  to  move  outwards" fo  as  to 
carry  the  faid  common  Center  of  Gravity  to  kx,  then  inftead  of 
BE,  LI  will  become  the  Line  of  Direction  of  the  compound 
Weight,  whofe  Adtion  will  be  encreafed  in  the  Ratio  of  L  C  to  B  C. 
This  is  what  has  been  explained  by  feveral  Writers  of  Mechanicks ; 
but  no  one,  that  I  know  of,  has  confidered  the  Cafe  when  the  Scale 
is  kept  from  flying  out,  as  here  by  the  Poft  G  G,  which  keeps  it 
in  its  Place,  as  if  the  Strings  of  the  Scale  were  become  inflexible. 
Now  to  explain  this  Cafe,  let  us  fuppofe  the  Length  B  D  of  half 
of  the  Brachium  B  C  to  be  equal  to  3  Feet,  the  Line  B  E 
to  4  Feet,  the  Line  E  D  of  5  Feet  to  be  the  Direction  in  which 
the  Man  pufhes,  DF  and  F  E  to  be  refpedtively  equal  and  parallel 
to  B  E  and  B  D,  and  the  whole  or  abfolute  Force  with  which  the 
Man  pufhes,  equal  to  ( or  able  to  raife  )  10  Stone.  Let  the  oblique 
Force  ED  (  =  10  Stone)  be  refolved  into  the  two  EF  and  E  B, 

(  or  its  Equal  F  D )  whofe  Directions  are  at  right  Angles  to  each  o- 
ther,  and  whofe  refpedtive  Quantities  ( or  Intcnfities )  areas  6  and 
8,  becaufe  EF  and  BE  are  in  that  Proportion  to  each  other,  and 
to  ED.  Nowfince  EF  is  parallel  to  BDCA,  the  Beam,  it  does 
no  way  aftedt  the  Beam  to  move  it  upwards  •,  and  therefore  there  is 
only  the  Force  reprefented  by  F  D,  or  8  Stone  to  pufh  the  Beam  up¬ 
wards  at  D.  For  the  farne  Reafon,  and  becaufe  Action  and  Re¬ 
action  are  equal,  the  Scale  will  be  pufhed  down  at  E  with  the  Force 
of  8  Stone  alfo.  Now  fince  the  Force  at  E  pulls  the  Beam  perpen¬ 
dicularly  downwards  from  the  Point  B,  diftant  from  C  the  whole 
L.ength  of  the  Brachium  B  C,  its  Adtion  downwards  will  not  be  di- 

minifhed,  but  may  be  exprefted  by  Whereas  the  Adtion  up¬ 

wards  againft  D  will  be  half  loft,  by  reafon  of  the  diminifhed  Dif- 

tance  from  the  Center,  and  is  only  to  be  exprefled  by  8  x  —  ;  and 

2 

■when  the  Adtion  upwards  to  raife  the  Beam  is  fubftradted  from  the 

Adtion 
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Adtion  downwards  to  deprefs  -  it,  there  will  ftill  remain  4  Stone  to 

. 

pufli  down  the  Scale  j  becaufe  gxBC —  8  x  —  =  4  B  C.  Confe- 

2 

quently  a  Weight  of  4  Stone  mail  be  added  at  the  End  A  to  re¬ 
ftore  the  Equilibrium.  Therefore  a  Man,  See.  pufhing  upwards  un¬ 
der  the  Beam  between  B  and  D,  becomes  heavier.  (L  E.  D.  On  the 
contrary,  if  the  Scale  fhould  hang  at  F  from  the  Point  D,  only  3 
Feet  from  the  Center  of  Motion  C,  and  a  Poll:  g  g  hinders  the  Scale 
from  being  pufhed  inwards  towards  C,  then  if  a  Man  in  this  Scale 
F  pufhes  obliquely  againft  B  w  ith  the  oblique  Force  above-mention¬ 
ed  ;  the  whole  Force,  for  the  Reafons  before  given  (  in  refolving  the 
oblique  Force  into  two  others  adting  in  Lines  perpendicular  to 
each  other  )  will  be  reduced  to  8  Stone,  which  pufhes  the  Beam  di- 
redtly  upwards  at  B,  while  the  fame  Force  of  8  Stone  draws  it  di- 
redlly  down  at  D  towards  F.  But  as  CD  is  only  equal  to  half  of  C  B, 
the  Force  at  D  compared  with  that  at  B,  lofes  hall  its  Adtion, 
and  therefore  can  only  take  off  the  Force  of  4  Stone  from  the  Pufh 
upwards  at  B  ;  and  consequently  the  Weight  W  at  A  will  pre¬ 
ponderate,  unlefs  an  additional  Weight  of  4  Stone  be  hanged  at  B. 
Therefore  a  Alan,  See.  pujhing  upwards  under  the  Beam  between  B  and 
D  becomes  lighter. 

Schol.  I.  Hence  knowing  the  abfolute  Force  of  the  Man  that 
pufhes  upwards,  ( that  is,  the  whole  oblique  Force  )  the  Place  of  the 
Point  of  Trillion  D,  and  the  Angle  made  by  the  Diredtion  of  the 
Force  with  a  Perpendicular  to  the  Beam  at  the  fame  Point,  we  may 
have  a  general  Rule  to  know  what  Force  is  added  to  the  End  of  the 
Beam  B  in  any  Inclination  of  the  Diredtion  of  the  Force  or  Place  of 
the  Point  D. 

Rule  for  the firft  Cafe.  Firft  find  the  perpendicular  Force  by 
the  following  Analogy,  whofe  Demonflration  is  known  to  all  that 
underhand  the  Application  of  oblique  Forces. 

As  the  Radius : 

To  the  right  Sine  of  the  Angle  of  Inclination  :  : 

So  is  the  oblique  Force  : 

To  the  perpendicular  Force. 

Then  the  perpendicular  Force  multiplied  into  the  Length  of  the 
Brachium  B  C,  minus  the  faid  Force  multiplied  into  the  Diftance 
D  C,  will  give  the  Value  of  the  additional  Force  at  B,  or  of  the 
Weight  required  to  reftore  the  Equilibrium  at  A. 

Or  to  exprefs  it  in  the  Algebraical  Way.  Let  o  f  exprefs  the 
oblique  Force,  pf  the  perpendicular  Force,  and  x  the  Force  re¬ 
quired,  or  Value  of  the  additional  Weight  at  A  to  reftore  the  Equi¬ 
librium. 

DE: 
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D  E  :  D  F  :  :  of:  pf 

pfx  BC  — ~/>  j  x  U  c  —  x 

The  fame  Rule  will  ferve  for  the  fecond  Cafe,  if  the  Quantity  found 
be  made  Negative,  and  the  additional  Weight  fufpended  at  B.  Or 
having  found  the  Value  of  the  Perpendicular  Force,  the  ^Equation 

will  (land  thus  —p  f  x  B  C  + ~p  f  x  D  C  =  —  #,  and  confequently 

the  additional  Weight  muft  be  hanged  at  B  ;  becaufe  — x  at  A  is  the 
fame  as  x  at  B. 

Schol.  II.  Hence  it  follows  alfo,  that  if,  in  the  firft  Cafe,  the  Point 
of  Trufion  be  taken  at  C,  the  Force  at  B,  (  or  Force  whole  Value 
is  required )  will  be  the  whole  Perpendicular  Force  •,  becaufe  C  D  is 
equal  to  nothing  :  And  if  the  Point  D  be  taken  beyond  C  towards 
A:  The  Perpendicular  Force  pufhing  upwards  at  that  Point,  mul¬ 
tiplied  into  D  C,  muft  be  added  to  the  fame  Force  multiplied  into 

B  C,  that  is  pf  x  B  C  pf  x  D  C  ~  x. 

The  Machine  I  made  ufe  of  to  prove  this  Experimentally, was  as  follows.  Fi 

The  Brafs  Balance  AB  is  12  Inches  long,  moveable  upon  the 
Center  C,  with  a  Perpendicular  Piece  B  b  hanging  at  the  End  B, 
and  moveable  about  a  Pin  at  B,  and  flopped  at  its  lower  End  b  (by 
the  upright  Plate  G  G  )  from  being  thruft  out  of  the  Perpendicular 
by  the  pufhing  Pipe  F  E,  whole  lower  Point  being  put  into  a  little 
Hole  at  H,  the  upper  Wire  or  Point  (when  put  into  another  little 
Hole  under  the  Beam  at  D )  is  by  Means  of  the  Worm-fpring  E  F 
preffing  againft  the  Plug  E  to  drive  forwards  the  faid  WirehD, 
made  to  pufti  the  faid  Beam  upwards  with  the  Force  of  the  Spring. 
TSS  is  a  Stand,  to  which  is  fixed  the  Pillar  TC  that  fuftains  the 
Balance  ;  and  it  has  alfo  a  Slit  S  S  to  receive  a  Shank  of  the  moveable 
Plate  G  G,  to  be  fixed  in  any  Part  ofriie  Slit  by  a  Screw  underneath. 

Experiment.  Hang  on  B  b,  as  in  the  Figure.  Then  let  E  F  be 
fo  applied  to  the  Hole  H,  that  its  upper  Wire  hDk  may  go  through 
a  little  Loop  at  D  fo  as  not  to  thruft  the  Beam  upwards,  but  be  in 
the  fame  Pofition  as  if  it  did,  that  by  hanging  on  the  Weight  W,  the 
Brachium  BC  with  B  b  and  F  E  may  be  counterpoifed  •,  and  then 
the  Aclion  againft  D  and  H  may  be  eftimated  without  the  Weight 
of  the  pufhing  Pipe. 

Then  drawing  down  the  End  of  the  Wire  k,  thruft  it  into  the 
little  Hole  under  D,  and  B  will  be  fo  pulled  downwards  as  to  require 
the  additional  Weight  of  4  Ounces  to  be  hung  on  at  A  to  reft  ore 
the  /Equilibrium,  when  B  H  is  4  Inches,  B  D  3  Inches,  and  the 
whole  Force  of  the  Spring  equal  to  10  Ounces. 

I  need  not  here  fay,  that  for  explaining  the  fecond  Cafe,  B  b  is 
to  be  fufpended  at  D,  with  the  Plate  GG  fixed  to  flop  it  at  the 
Place  M  to  keep  it  from  being  pufhed  towards  T,  and  that  the  up¬ 
per  End  of  GF  hDk  muft  pufh  into  an  Hole  made  under  B,  in 

which 
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which  Cafe  the  W eight  B  muft  be  hanged  at  B  to  reftore  the  Equi¬ 
librium. 

P.  S.  To  fhew  experimentally  that  the  Force  which  the  Spring 
exerts  in  this  oblique  Trufion  is  equal  to  io  Ounces  :  Take  the  Beam 
AB,  which  weighs  4  Ounces,  from  its  Pedeftal  C  T,  and  having 
fufpended  at  each  End,  A  and  B  3  Ounces,  fupport  it  under  its 
Center  of  Gravity  by  the  pufhing  Pipe  EF  fet  upright  under  it, 
and  you  will  find  that  the  Beam  with  the  two  Weights  will  thruft 
in  the  Wire  k  h  as  far  as  h,  the  Place  to  which  the  oblique  Trufion 
drives  it. 

An  Expert-  Prop.  VII.  ^  the  tw0  Weights  P,  W,  hang  at  the  Ends  of  the 
ment  explain-  Balance  A  B,  whofe  Center  of  Motion  is  C  ;  thofe  Weights  will 
ing  a  mecba-  a<ft  againft  each  other  (  becaufe  their  Directions  are  contrary  )  with 
meal  Paradox,  porces  macie  Up  0f  the  Quantity  of  Matter  in  each  multiplied  by  its 

of  equal  Weight  Velocity  *,  that  is,  by  the  Velocity  which  the  Motion  of  the  Balance 
fufpended  on  a  turning  about  C  will  give  to  the  Body  fufpended.  Now  the  Velocity 
certain  fort  of  Qf  a  heavy  Body  is  its  perpendicular  Afcent  or  Defcent,  as  will 

^ritkeirJE-  aPPear  moving  the  Balance  into  the  Pofition  a  b  ;  which  fhews 
equilibrium*  by  l'ac  Velocity  of  P  to  be  the  perpendicular  Line  e  a,  and  the  Velo- 
being  removed  city  of  B  will  be  the  perpendicular  Line  b  g  :  For  if  the  Weights 
one  farther  P  and  W  are  equal,  and  alfo  the  Lines  e  a  and  b  g,  their  Mo- 

from,  the  o-  menta  made  up  of  ea  multiplied  into  W,  and  b  g  multiplied  into 
the  Center.  By  1 »  will  be  equal,  as.  will  appear  by  their  deftroymg  one  another  in 
the  fame.  N«  making  an  Equilibrium.  But  if  the  Body  W  was  removed  to  M, 
4|9-  A  1 25*  and  fufpended  at  the  Point  D,  then  its  Velocity  being  only  fd,  it 

x38-  would  be  over-balanced  by  the  Body  P  ;  becaufe  fd  multipled  in- 

into  M,  would  produce  a  lefs  Momentum  than  P  multiplied  in¬ 
to  b  g. 

As  the  Arcs  A  a,  B  b,  and  Dd  deferibed  by  the  Ends  of  the 
Balance  or  Points  of  Sulpenfion  are  proportionable  to  their  Sines  e  a, 
gb,  and  d  f,  as  alfo  the  Radii  or  Diftances  C  A,  CB,  and  CD; 
in  the  Cafe  of  this  common  fort  of  Balance,  the  Arcs  deferibed  by 
the  Weights,  or  their  Points  of  Sufpenfion,  or  the  Diftances  from 
the  Center  may  be  taken  for  Velocities  of  the  Weights  hanging  at 

A,  B,  or  D;  and  therefore  the  aefting  Force  of  the  Weights  will 

be  reciprocally  as  their  Diftances  from  the  Center. 

Scholium.  The  Diftances  from  the  Center  are  taken  here  for  the 
Velocities  of  the  Bodies,  only  becaufe  they  are  proportionable  to 
the  Lines  e  a,  b  g,  and  fd,  which  are  the  true  Velocities.  For 
there  are  a  great  many  Cafes  wherein  the  Velocities  are  neither 
proportionable  to  the  Diftances  from  the  Center  of  Motion  of  a 
Machine,  nor  to  the  Arcs  deferibed  by  the  Weights  or  their  Points 
of  Sufpenfion.  Therefore  it  is  not  a  general  Rule,  that  Weights 
a 61  in  Proportion  to  their  Diftances  from  the  Center  of  Motion  ; 
but  a  Corollary  of  the  general  Rule,  that  Weights  a<ft  in  Propor¬ 
tion 


^V-  'f2. 


T’/atc  XV  V<rt. ~V\.J,a/~£  1  ■T’a^e  Jse 

c  £  Ee 


'3 


'34 


6 

S 

4 

3  z  / 

k,  ' 

ii  iinLii  i  ii  ■  mil ! 

LUiiiiiiiimniiihiiiillilimmilmiiill  

Hill  llll|rii|:!! 

Him 

\ 

\ 

a"'"' 

d 

F<f.  '3*- 

9 

"0 

Ow  [ 

B 


*  »  ‘  ‘ 


- 


1  .  * 


•< 


i  I 

r? 


/ 


.  V 


I 


<v  ■ 


v_ 


V  ,  S  '>V*. 


- 


1  -■  '  . 


*r 

.  r 


-  ' 


i  r  * 


■ 

.•  - 


. 

'  ‘ 


« f.  . 


:  v  ■ 


-  4 


•  ;• 


;  V. 

• 


.  t 


“ 


I  ' 
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tlon  to  their  true  Velocities,  which  is  only  true  in  fome  Cafes. 

Therefore  we  mull  not  take  this  Cafe  as  a  Principle,  which  mod 
Workmen  do,  and  all  thofe  People  who  make  Attempts  to  find 
the  perpetual  Motion,  as  I  have  more  amply  fhewn  in  the  Philofo - 
fhical  PranfaRions,  N°  369. 

But  to  make  this  evident  even  in  the  Balance,  we  need  only  take 
Notice  of  the  following  Experiment.  ACBEKD  is  a  Balance  in 
the  Form  of  a  Parallelogram  palling  through  a  Slit  in  the  upright 
Piece  N  O  (landing  on  the  Pedeftal  M,  fo  as  to  be  moveable  upon 
the  Center  Pins  C  and  K.  To  the  upright  Pieces  A  D  and  B  E 
of  this  Balance  are  fixed  at  right  Angles,  the  horizontal  Pieces 
F  G  and  FI  I.  That  the  equal  Weights  P,  W,  mud  keep  each  o- 
ther  in  AEquilibrio^  is  evident but  it  does  not  at  fird  appear  fj 
plainly,  that  if  W  be  removed  to  V,  being  fufpended  at  6,  yet  it 
(hall  dill  keep  P  in  ^Equilibria  \  though  the  Experiment  (hews  it. 

Nay,  if  W  be  fuccefiively  moved  to  any  of  the  Points  1,  «,  3,  E, 

4,  5,  or  6,  the  JE qulibrium  will  be  continued  •,  or  if,  W  hanging 
at  any  of  thofe  Points,  P  be  fuccefiively  moved  to  D,  or  any  of  the 
Points  of  Sufpenfion  on  the  crofs  Piece  F  G,  P  will  at  any  of  thofe 
Places  make  an  ^Equilibrium  with  W.  Now  when  the  Weights  are 
at  Pand  V,  if  the  lead  Weight  that  is  capable  to  overcome  the  Fri¬ 
ction  at  the  Points  of  Sufpenfion,  C  and  K  be  added  to  V,  as  u,  the 
Weight  V  will  overpower,  and  that  as  much  at  V  as  if  it  was  at  W. 

From  what  we  have  faid  above,  the  Reafon  of  this  Experiment 
will  be  very  plain. 

As  the  Lines  A  C  and  K  D,  C  B  and  K  E  always  continue  of 
the  fame  Length  in  any  Pofition  of  the  Machine,  the  Pieces  A  D 
and  B  E  will  always  continue  parallel  to  one  another,  and  perpen¬ 
dicular  to  the  Horizon  :  However,  the  whole  Machine  turns  upon 
the  Points  C  and  K  ^  as  appears  by  bringing  the  Balance  to  any  o- 
ther  Pofition,  as  abed:  And  therefore  as  the  Weights  applied  to 
any  Part  of  the  Pieces  F  G  and  H  I  can  only  bring  down  the 
Pieces  A  D  and  B  E  perpendicularly,  in  the  fame  Manner  as  if 
they  were  applied  to  the  Hooks  D  and  E,  or  to  X  and  Y,  the 
Centers  of  Gravity  of  AD 'and  BE-,  the  Force  of  the  Weights 
( if  their  Quantity  of  Matter  is  equal )  will  be  equal  ;  becaufe  their 
Velocities  will  be  their  perpendicular  Afcent  or  Delcent,  which  will 
always  be  as  the  equal  Lines  4  1  and  4  L,  whatever  Part  of  the 
Pieces  F  G  and  FI  I  the  Weights  are  applied  to.  But  if  to  the 
Weight  at  V  be  added  the  little  Weight  u,  thofe.  two  Weights  will 
overpower,  becaule  in  this  Cafe  the  Momentum  is  made  up  01  the 
Sum  of  V  and  u  multiplied  by  the  common  Velocity  4  L. 

Hence  follows,  that  it  is  not  the  Diftance  c  6  multiplied  into  the 
Weight  V,  which  makes  its  Momentum  but  its  perpendicular  Velo¬ 
city  L  4  multiplied  into  its  Mafs.  E.  D. 
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This  is  dill  further  evident,  by  taking  out  the  Pin  at  K  ;  for 
then  the  Weight  P  will  over-balance  the  other  Weight  at  V,  be- 
caufe  then  their  perpendicular  Afcent  and  Defcent  will  not  be 
equal. 

VIII. When  great  Weights  are  to  be  raifedfrom  a  great  Depth,  and 
laid  on  Carriages  very  near  the  Precipice,  as  at  the  Edge  of  a  Stone 
Quarry,  the  Crane  muft  be  a  fixed  one,  and  only  the  Gibbet  move- 
able,  from  which  the  Weight  hangs.  Here,  in  the  common  Way, 
the  Rope  R  r  r,  or  Chain,  which  runs  over  the  Gibbet,  goes  be¬ 
tween  two  Pullies  P,  Q,  fixed  within  the  upper  horizontal  Beam  of 
the  Crane  A  QT  X,  above  the  Axis  of  the  Gibbet  B  G  V,  fo  as 
to  be  carried  eafily  to  the  Right  or  Left  Hand,  from  W  to  w, 
when  the  Gibbet  turns  upon  its  Axis  to  bring  the  Burthen  over  the 
Carriage  defign’d  to  receive  it.  For  this  Purpofe  a  fmall  Rope, 
called  the  Guide-Rope,  is  faftened  to  the  Weight,  or  to  the  upper  Part 
of  the  Gibbet  near  its  Extremity,  g,  which  a  Man  is  to  pull  to 
bring  the  Weight  over  the  Place,  to  which  it  muft  be  lowered. 
Now  in  performing  this,  the  main  Rope  or  Chain  not  continuing 
parallel  to  the  Arm  of  the  Gibbet,  gives  the  Weight  a  Tendency  to¬ 
wards  that  Side  to  which  it  deviates,  and  that  fometimes  fo  fuddenly, 
that  without  Care,  and  much  Force  applied,  if  the  Weight  be  very 
great,  the  Burthen  will  fwing  to  or  from  the  Carriage,  fo  as  to  break 
every  thing  in  its  Way.  Sometimes  a  horizontal  Piece,  like  a 
Handfpike,  is  fixed  in  the  upright  Shaft  of  the  Gibbet  a  little  a- 
bove  B,  to  turn  it  by  *,  but  in  that  Cafe  too  the  Force  is  unequal, 
as  the  Weight  is  carried  round  ;  fo  that  the  Lives  of  the  Men  that 
are  loading,  often  depend  upon  the  Care  of  the  Man  who  guides 
the  Weight,  by  either  of  the  Means  above-mentioned. 

N.  B.  No  Situation  of  the  Pullies  can  prevent  this  ;  and  we  find 
Accidents  to  happen  every  Day,  as  will  appear  by  the  Examina¬ 
tion  of  Fig.  142. 

But  if  upon  the  Axis  of  the  Gibbet  there  be  fixed  an  Iron  Wheel, 
y,  with  many  Teeth,  to  be  carried  round  by  a  Pinion,  u,  of  a  few 
Leaves,  upon  the  End  of  whofe  Axis  is  faftened  a  Wheel,  x,  with 
Arms  ( that  Axis  going  through  the  perpendicular  Piece  T  Z  be¬ 
hind  the  Shaft  of  the  Gibbet)  a  Man  Handing  at  that  Wheel  is  out 
of  Harm’s  Way,  and  has  fuch  an  Advantage  of  Power  as  to  hold 
the  Weight  fteady  in  any  Place  required,  notwithftanding  its  Ten¬ 
dency  to  fwing,  as  mentioned  above,  which  is  not  felt  at  the  Ends 
of  the  Arms  of  this  lafb  Wheel.  The  firft  who  made  Ufe  of  this 
Contrivance  is  Mr.  Ralph  Allen,  Poft-mafter  of  Bath ,  at  his  Stone- 
Quarry,  where  the  Weight  raifed  is  4  or  5,  and  fometimes  6  or 
7  Ton. 

I  need  not  fay  that  the  Power  to  bring  up  the  Weight  works  here 
by  Means  of  a  Capftane,  or  upright  Shaft,  R  O,  drawn  round  by 
Horfes,  that  the  Weight  may  come  up  more  expeditioufty,  though  in 

the 
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the  Figure  the  Handfpikes,  f,  e,  b,  going  in  at  fuch  a  Hole  as  d, 
fhew  that  Men  may  work  it  upon  Occafion. 

The  fame  Gentleman  having  laid  his  Stone  on  Waggons  of  a  pecu¬ 
liar  Make,  caufes  it  to  run  down  Hill  about  a  Mile  and  a  half,  on 
a  wooden  Waggon-way  to  the  River-fide,  where  he  has  a  Wharf,  and 
there  by  another  Crane  exactly  fuited  to  the  Work,  he  takes  the 
Stone  from  the  Carriages,  and  with  great  Expedition  lets  it  down  in¬ 
to  the  Barges  or  Veflels  that  come  to  fetch  it. 

This  Crane  is  of  the  Sort  which  is  commonly  called  a  Rat’s-Tail  Fig-  146. 
Crane,  moving  round  a  ftrong  Poll:  like  a  Wind- mill,  fo  that  it  may 
turn  quite  round  with  all  its  Load.  The  Axel  B  b,  on  which  the 
Rope  winds,  is  here  horizontal  like  a  Winch  •,  but  to  gain  Strength, 
inftead  of  the  walking  Wheel  C  A,  it  is  carried  round  by  a  ftrong  Fig 
Wheel  and  Pinion,  or  is  in  Effect  a  double  Axis  in  Peritrochio.  Now  I45. 
in  the  common  Cranes  of  this  Kind,  there  is  only  a  Catch  fas  EKA,)  Fig.  144. 
to  hold  the  Burthen  at  the  Height  it  is  brought  up  to,  whilft  the 
Crane  is  turned  round  in  order  to  have  the  Weight  lowered  into  the 
Veflels,  which  is  done  by  lifting  up  the  Catch,  and  being  ready  to 
let  it  down  again  as  Need  requires.  Sometimes  a  half  Circumfe¬ 
rence  of  Wood  (DIIB, )  is  held  hard  againft  a  wooden  Wheel 
W  w,  on  the  Axel,  to  regulate  and  govern  the  Defcent  of  the 
Wreight.  But  as  in  either  of  thefe  Cafes,  if  the  Man  at  the  Crane 
is  carelefs,  very  bad  Accidents  happen.  Mr.  Padmore ,  Mr.  Allen's 
chief  Work-man,  has  made  fuch  a  Contrivance,  that  the  Pall  or 
Lever  whereby  the  Axel  is  prefled  to  diredl  the  defcending  Motion, 
does  fo  communicate  with  the  Catch,  that  in  Cafe  the  Man  that 
ought  to  manage  it,  fhould  carelefly  let  it  go,  the  Catch  always 
takes,  and  thereby  all  Accidents  are  prevented  ;  as  will  be  fhewn  in 
the  Explanation  of  the  144th  and  145th  Figures. 

Where  Goods  are  to  be  raifed  high,  as  in  unloading  Veflels,  and 
alfo  to  be  let  down  deep,  as  in  loading  them  *,  ( that  is,  where  both 
the  former  Operations  are  to  be  performed )  if  the  Weights  do  not 
exceed  two  or  three  Ton,  and  many  Hands  are  not  to  be  had,  then 
an  endlefs  Screw  turned  by  an  Handle  at  each  End  (  in  an  oppoflte 
Situation,  or  with  one  Handle  and  a  Balance  to  it)  leading  an  Axis 
in  Peritrochio,  or  as  it  is  commonly  called,  a  Worm  and  Wheel  ap¬ 
plied  to  a  Crane,  with  a  Gibbet,  is  moft  ufeful:  For  the  Teeth  of 
the  Wheel  are  pulled  by  the  Weight  fo  diredlly  againft  the  Thread 
of  the  Worm  in  its  Endeavour  to  defcend,  that  one  may  leave  the 
Handle  in  any  Pofition  where  it  will  flop,  without  any  Catch,  or 
the  leaft  Danger  of  the  Weight  falling  back  again. 

But  then,  if  you  would  have  the  Weight  to  be  let  down,  to  de¬ 
fcend  pretty  quick,  which  cannot  be  performed  by  applying  the 
Hand  to  the  Handle,  which  goes  through  a  great  Space  in  Compan¬ 
ion  to  the  Space  defcribed  by  the  Weight  (  without  which  fufflcient 
Force  would  be  wanting  )  only  give  the  Handle  a  Swing,  and  if 
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the  Worm  be  well  oiled,  the  Handle  and  its  Counterpoife,  or  the 
two  Handles,  will  perform  the  Office  of  a  Fly  in  the  common  Jack, 
turning  very  faff  round,  and  regulating  the  Motion  of  the  Weight, 
which  from  that  Impulfe  will  defcend  continually,  and  not  too  faff, 
like  the  Weight  of  a  Jack. 

The  Way  to  flop  this  Motion  at  any  Time,  is  to  grafp  the  Axis 
of  the  Screw  hard,  betwixt  the  Screw  and  the  Handle  in  its  round 
Part.  The  Hand  is  fufficient  to  do  it,  and  will  itop  it  in  two  or 
three  Turns. 

The  worft  Cranes  are  thofe  where  Men  walk  in  a  large  Wheel,  by 
reafon  of  Accidents  that  happen  daily  on  account  of  the  ffiort  Space 
between  a  Man’s  two  Feet.  This  may  be  prevented  by  ufing  four- 
footed  Animals,  the  Length  of  whofe  Bodies  makes  a  Bafe  of  fuffi¬ 
cient  Length  to  keep  the  Wheel  from  running  back. 

An  Explanation  of  the  Figures . 

Fig.  140.  Reprefenting  a  fixed  Crane  with  a  Gibbet  moving  on  an 
upright  Shaft  or  Axis. 

A  a  Q,  The  Roof  of  the  Crane  to  preferve  the  Rope  R  T  r  from 
the  Weather,  when  the  Arm  of  the  Gibbet  V  Gg  being  turned  to¬ 
wards,  Y  is  brought  under  it. 

A  T,  The  upper  Piece  of  the  Crane,  in  a  horizontal  Situation, 
called  the  Plate  of  the  Crane- 

X,  Y,  Z,  The  three  Crane  Pofts  braced  at  Top  and  Bottom. 

DS,  M  N,  IF",  Three  Cills  within  the  Stone  Work,  braced  with 
Wood,  and  made  faff  with  an  upright  Plate  of  Iron  pinned  to  the 
Wood  on  each  Side. 

N.  B.  When  the  Crane  is  not  in  Stone  Work ,  the  three  Cills  muft  he 
all  in  one  Piece ,  reaching  from  D  to  E. 

LI  I,  h  E,  Are  the  Braces  of  the  main  Poft  of  the  Crane, 
which  come  up  above  the  Level  of  the  Wharf  L  w  B,  which  are 
longer  and  (Longer  than  the  others.  Here  a  crofs  Piece  whofe  Secti¬ 
on  is  (  & )  keeps  the  main  Poll  from  twilling* 

R  O,  The  Capftane,  or  Shaft  of  the  Crane  to  receive  the  Rope 
or  Chain  ;  which  Shaft  is  turned  here  by  Bars  or  Handfpikes,  fuch 
as  b  d,  fd,  or  e  d,  the  lower  Part  being  {Lengthened  with  Iron 
Hoops  above  and  below  the  Holes  at  d,  with  a  Pivot  or  Iron  Axis 
'  turning  in  a  Hole  in  a  Piece  whofe  Se&ion  is  F. 

p  p,  Are  two  Pins,  which  hold  on  a  Collar  in  which  the  upper 
Part  of  the  Shaft  turns. 

C  B,  The  Shaft  or  Axel  of  the  Gibbet  with  Pivots  and  Iron 
Hoops  at  Top  and  Bottom,  and  a  Wheel  of  Iron,  y,  having  Teeth 
perpendicular  to  its  Plane.  This  Wheel  is  led  by  a  Pinion,  u, 
which  is  on  th§>  Axis  of  the  Wheel  x,  by  whofe  Arms  a  Man 
Handing  at  H  may  bring  about  the  End  of  the  Gibbet  g  with  the 
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Ram-head  r,  and  the  Weight  hanging  at  it,  either  to  the  Right  or 
Left,  and  eafily  hold  the  Gibbet  in  any  Pofition. 

C  T  P  A  Prong  Piece  or  Block  having  three  Pul  lies,  ora:  ver¬ 
tical,  and  the  other  two  horizontal,  that  the  Rope  may  run  over  the 
Firff  of  them,  and  between  the  two  others. 

Fig.  141  Reprefents  a  horizontal  Section  of  the  Crane  in  its  up-  Fig.  141. 
per  Part,  or  rather  a  View  of  it  from  the  Plane  of  the  Roor,  iup- 
pofmg  the  Roof  taken  off. 

N.  B.  The  fame  Letters  mark  the  Parts  which  have  been  defcribed  in 

Figure  140. 

Fig.  142.  Shews  the  Inconveniencies  in  the  Motion  of  the  Gibbet.  i 

L  B  E  D,  Reprefents  Part  of  the  Wharf  next  the  Water,  or  Pre-  ^  2‘ 

cipice  of  a  Quarry. 

T  P  The  Block- Piece  which  holds  the  three  Pullies,  expreffed 
by  the  fame  Letters  in  Fig.  140  and  141. 

sg  r  G,  The  Arm  of  the  Gibbet  reprefented  by  V  g,  Fig.  140. 

T,  The  vertical  Pulley. 

P,  The  horizontal  Pullies,  reprefented  in  another  Situation 
by  p,  q,  when  their  Centers  from  m,  y,  are  brought  to  n  and  t. 

C,  Is  a  Point  diredlly  over  the  Pivot  of  the  Shaft,  or  Axel  of  the 
Gibbet.  "  J.\ 

C  1,  C2,  C  3.  C  4,  C  5,  Reprefents  a  Line  over  the  Arm  of  the 
Gibbet,  or  rather  a  Plane  going  through  the  Middle  of  it,  in  feveral 
of  its  Situations,  when  turned  towards  the  right  Hand,  from  its  ai¬ 
red:  Pofition  C  r. 

C  6,  C  7,  C8,  C  c,  Reprefent  the  feveral  Situations  of  the  Gib¬ 
bet  towards  the  Left,  the  lad  Pulley  r,  at  the  End  of  the  Gibbet, 
immediately  over  the  Weight  traverfing  in  the  Circle,  5,  4,  3,  2, 
r,  6,  7,  8.  _ 

When  the  Gibbet  is  in  the  Pofition  c  g,  the  Rope  runs  diredly 
over  the  Middle  of  its  Arm,  therefore  the  lead  Force  applied  to  r 
or  r,  can  keep  in  its  Place  the  greateft  Weight  that  can  be  drawn 
up  by  the  Crane,  when  fufpended  to  the  Ram-head.  If  the  Pul¬ 
lies  are  at  p  and  q,  the  Gibbet  loaded  will  alfo  be  without  Labour 
retained  in  the  Pofition  C  2  on  the  Right,  and  C6  on  the  Left,  and 
with  no  great  Trouble  in  the  Pofition  C  1. 

But  if  the  Gibbet  be  brought  over  the  Wharf  at  4  on  the  Right, 
or  at  8  on  the  Left,  the  Rope  will  no  longer  run  over  the  Middle 
of  the  Gibbet,  but  deviate  from  it,  fo  as  to  make  with  it  the  An¬ 
gle  q  4  t,  or  o  8  n,  and  raife  the  Weight  by  the  Motion  of  the 
Gibbet  in  Proportion  as  the  Line  q  4,  or  o  8,  is  longer  than  t  4,  or 
n  8  •,  and  therefore  the  Weight  will  tend  to  run  back  towards  g  in 
Proportion  to  the  Difference  of  thofe  Lines,  which  mud  give  a 
Twitch  to  the  Perfon  who  draws  from  r,  or  r  by  a  guide  Rope. 

If  to  prevent  this  Inconveniency  the  Pulley  at  q  be  removed  back 
to  Q,  then  indeed  the  Rope  will  run  over  the  Line  C  4,  or  t  4, 
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and  confequently  the  Gibbet  will  be  eafily  held  in  that  Situationn  ; 
but  if  you  have  Occafion  to  move  the  Weight  to  5,  the  Rope  touch¬ 
ing  the  Pulley  at  t,  will  make  an  Angle  with  C  5,  and  again  be 
lubjedl  to  the  Inconveniency  above-mentioned.  Befides,  in  bringing 
the  End  of  the  Gibbet  from  g  to  4,  the  Rope  immediately  apply¬ 
ing  itfelf  to  the  Pulley  at  t  will  come  forward  with  a  Jerk,  though 
it  will  be  twitched  back  again  when  at  5. 

If  the  Pulley  be  fet  back  warder  ftill,  as  may  be  feen  at  P,  when 
you  would  keep  the  Weight  under  3,  it  will  tend  to  go  on  towards 
c,  in  Proportion  as  the  Rope  at  m  8  is  now  fhorter  than  the  Line 
n  8  •,  for  now  the  Weight  defending  a  little,  the  Force  of  that 
Defcent  added  to  the  Pull  of  him  who  draws  the  Guide  Rope,  will 
caufe  the  Weight  to  fwing  towards  the  Crane,  fo  as  fometimes  to  do 
Mi 'chief,  if  the  Weight  be  very  great,  and  the  Men  carelefs. 

N.  B.  No  Pofition  of  the  Pullies  can  mend  the  Matter,  there  be¬ 
ing  only  three  Situations  of  the  Gibbet  in  its  whole  Traverfe,  where 
it  can  keep  its  Place  when  loaded.  Therefore  the  Wheel,  y,  and 
the  Wheel  and  Pinion,  x  u,  in  Fig.  140.  are  of  very  confiderable 
Ufe  when  great  Weights  are  raifed. 

Fig.  143*  Reprefcnts  the  double  Axis  in  Peritrochio,  or  Wheel 
big.  143-  and  Pinion  ufed  inftead  of  the  walking  Wheel  of  Fig .  146. 

c,  c.  An  Axis  with  Handles  having  a  Pinion  P  which  leads  the 
Wheel  P  R  to  wind  the  Rope  R  Z  on  the  Axel  R. 

K,  A,  Part  of  the  Catch  which  (lops  the  Rope  from  running 
back  again. 

W,  w,  A  wooden  Wheel  of  forne  Thicknefs,  which  ( when  the 
Catch  is  up  )  is  kept  from  turning  too  fwift  as  the  Weight  runs  down, 
by  pulling  up  the  Semicircular  Part  of  the  Pall  I  o  I  fo  as  to  make 
it  bear  hard  againft  the  Wheel  below,  to  regulate  or  flop  the  De- 
fcent  of  the  Weight. 

C  C,  The  Pivots  or  Centers  of  the  Axel. 

L  F,  Part  of  the  Lever,  whereby  the  Pall  is  drawn  up  againft 
the  Wheel  W  w,  by  means  of  the  Rope  F  B. 

The  Weight  to  bring  down  the  Pall  clear  of  the  Wheel,  Ww, 
when  it  is  not  pulled  up. 

I  o  I  B,  The  End  of  the  Pall  which  is  applied  to  the  Wheel,  the 
other  End  not  being  reprefented  here. 

Fig.  144.  Fig.  144.  Shews  the  Manner  of  letting  down  the  Weight  fwifter 
or  flower  as  there  is  Occafton,  reprefenting  that  End  of  the  Axel  on 
which  the  Catch  and  Pall  a£l  alternately. 

P  P  and  p  p  are  two  upright  Pieces  fixed  to  the  Frame  of  the 
Crane,  in  any  manner  that  is  nioft  convenient  for  carrying  the  three 
Centers  L,  K,  and  k. 

When  the  Rope  R  r  Z  going  over  a  Pulley  at  r,  or  any  where  elfe, 
draws  from  the  Axel  in  the  Dire&ion  R  r  •,  the  Catch,  if  its  End  is 
at  A,  keeps  it  immoveable.  But  by  pulling  at  H,  the  Lever  GF 
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riles  at  F,  and  confequently  draws  up  the  End  B  of  the  Pall  B  D ; 
which  moving  on  the  Center  k,  does  by  its  End  D  (by  means  of  the 
Bar  D  E  )  pull  down  E,  and  raife  A  of  the  Catch,  fo  as  to  let  the 
Rope  run  down  ;  but  to  prevent  its  running  too  faff:,  one  muft  pull  a 
little  harder;  then  the  Semicircle  Iol  will  prefs  againft  the  Wheel, 
and  ftacken  the  Defcent  of  the  Weight  ;  which  will  be  wholly  Hop¬ 
ped  by  pulling  ftill  harder  :  Then  the  Lever,  Pall,  and  Catch  will 
be  in  the  Pofition  marked  by  pricked  Lines  and  frnall  Letters.  Now 
if  the  Perfon  holding  H,  fhould  carelelly  let  it  go,  the  Weight  a. 
in  defeending  will  bring  down  the  Pall  at  B,  and  raife  its  other  End, 
fo  as  to  throw  the  Catch  in  again  upon  the  Teeth  of  the  Ratchet, 
and  flop  the  whole  Motion  without  Accidents. 

Fig.  145.  reprefents  the  Wheel  and  Pinion  at  the  other  End  of  the  Fl*g.  145. 
Axis,  where  the  fame  Letters  exprefs  the  fame  Parts. 

Fig.  14 6.  reprefents  the  Crane  with  the  walking  Wheel,  the  whole  Fig.  146. 
turning  round  upon  the  ftrong  Poft  or  Puncheon  S,  which  is  fixed 
fbeadily  upright  by  Means  of  the  Braces  and  Cills  LL  LLLLLL  *, 
and  when  the  Wheel  and  Pinion  is  ufed  inftead  of  the  walking 
Wheel,  all  the  other  Parts  are  the  fame. 

f  F,  Is  a  Brace  and  Ladder. 

E,  N,  M,  F,  Pullies  for  the  Rope  to  run  over,  and  come  to  the 
Weight  at  H. 

FI.  B.  Sometimes  a  Pair  of  Blocks  is  applied  between  F  and  H. 

A  frnall  wooden  Roof  alfo  is  applied  over  the  Ends  of  the  Pieces  at 
E,  N,  M,  and  F. 
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IX.  i.Mon-fieur  Perqulf  s  Account  of  his  Engine  is  as  follows  :  “  In 
Imitation  of  the  {  modern )  Crane,  I  have  invented  two  Engines 
for  raifing.  Weights.  The  firft  is  made  of  that  Organ  which  is 
the  mpft  advantageous  of  any  in  Mechanicks,  for  facilitating  Mo¬ 
tion  ;  becaufe  it  is  free  from  that  Inconveniency  which  we  meet 
with  in  all  others  ;  namely,  the  Friction  of  the  Parts  or  the  Ma¬ 
chine,  wjjiich  renders  their  Motion  more  difficult.  This  Organ  is 
the  Rofter,  which  Ariftotle  prefers  to  all  other  Organs,  becaufe 
all  the  others,  as  Wheels,  Capftanes,  and  Pullies,  muft  necefta- 
rily  rub  in  fome  of  their  Parts.  But  the  Difficulty  was  to  apply 
the  Roller  to  an  Engine,  that  raifes  Weights,  its  Ufe  having  only 
been  hitherto  to  caufe  them  to  roll  on  a  horizontal  Plane.  The 
Engine  which  I  propofe  has  a  Bafe  A  A  B,  fomething  like  the 
Crane:  This  Bafe  has  in  its  upper  Part  the  horizontal  Piece  B, 
which  clafps  an  upright  Shaft  C  O,  fupported  under  its  Pivot  C, 
on  which  the  whole  Engine  moves  in  the  fame  manner  as  the  Crane, 
when  the  Weight  is  to  be  lowered.  This  Shaft  fupports  on  its 
Top  a  crofs  Piece  D  D,  to  which  are  fattened  the  Ropes  E  E, 
which  wrap  round  the  Barrel,  Axel,  or  Roller  F,  which  has  ano¬ 
ther  Rope  G,  that  alio  wraps  or  winds  round  one  of  its  Ends.  This 
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“  Eft  Rope  is  that  which  raifes  the  Weight.  At  the  other  End  of  the 
44  Axel  there  is  a  great  wooden  Wheel  like  a  Fully  H  H,  about 
44  which  is  wound  a  long  Rope  N. 

“  To  work  this  Engine,  one  mud  pull  the  long  Rope  N,  which 
4C  caufing  the  great  Wheel  to  turn,  does  alfo  carry  round  the  Axel 

or  Barrel,  which  is  made  fad  to  it.  This  Axel,  as  it  turns  round, 
46  caufes  the  Ropes  E  E  to  wind  about  it,  and  thereby  the  Axel 
44  and  the  Wheel  rife,  whild  the  Rope  E,  to  which  the  Weight  is 
44  fattened,  does  alfo  wind  itielf  up  upon  the  Axel  the  contrary 
“  Way;  and  this  double  winding  up  of  the  Ropes  makes  both  the 
44  Burthen  and  the  Axel  and  Wheel  to  rife  at  the  Time  Time. 
“  Now  it  is  evident,  that  all  this  Rife  is  performed  without  the 
<•  Fridion  of  any  Part,,  and  confequently,  the  whole  Power  which 
cc  draws  the  Rope  N,  is  employed  without  any  Hindrance;  which 
44  cannot  be  in  Other  Engines. 

O 

44  It  may  be^  objected  that  the  Power  which  ads  at  N,  mud, 
44  befides  the  Weight,  raife  alfo  the  Axel  and  great  Wheel,  and 
44  that  their  Weight  is  one  of  thofe  Obdacles  which  Ariftotle  fays  all 
44  Engines  are  liable  to  ;  and  that  this  Obdacle  is  equivalent  to  the 
44  Fridion  which  is  in  other  Organs.  But  it  may  be  anfwered 
44  That  Fridion  is  an  Obdacle  wholly  unavoidable  in  all  other  Or- 
44  gans  ;  but  that  it  is  eafy  to  remedy  the  Obdacles  of  this,  which 
44  is  done  by  Means  of  the  heavy  Body  M,  taken  equal  in  Weight 
44  to  the  great  Wheel  and  Axel,  which  it  fudains  by  Means°of 
44  the  Rope  I  I,  which  running  over  the  Pullies  L  L,  is  fixed  to  the 
44  Ring  or  Collar  K,  that  goes  round  the  Axel  F.  For  the  Axel 
44  and  the  Wheel  being  counterpoifed  by  this  Weight,  the  Power 
44  which  ads  by  drawing  the  long  Rope  N,  ads  for  raifing  the 
44  Weight  only.  The  Experiment  which  was  made  with  this  En- 
44  gine.  has  confirmed  the  Truth  of  this  Problem,  by  companncr  its 
44  Efreds  with  thole  of  a  Crane,  in  which  the  Proportion  of  the 
44  Bignefs  of  the  Axel  to  the  Circumference  of  the  Wheel,  was 
44  the  fame  as  in  my  Machine:  For  it  happened  that  in  the  Crane, 
44  a  Weight  of  one  hanging  at  a  Rope  going  about  the  Wheel’ 
44  drew  up  a  Weight  of  Seven,  when  it  had  one  half  added  to  it  to 
44  make  it  preponderate,  or  give  Motion  to  the  Power  :  And  when 
44  the  Weight  to  be  raifed,  and  the  Weight  which  ferved  as  a 
44  Power,  were  proportionably  encreafed,  there  was  alfo  a  Necef- 
44  fity  to  encreaie  the  additional  Weight,  which  made  the  Power 
44  preponderate,  in  the  fame  Proportion  :  So  that  it  was  required  to 
44  add  one  half  to  the  Power  when  the  Weight  was  Seven  ;  the 
44  Addition  to  the  Power  became  one  for  a  Fourteen  Pound  Weight, 
4*  Two  for  a  Twenty-eight  Pound,  Four  for  a  Fifty-fix  Pound’ 
44  and  fo  on  ;  becaufe  the  Refiftance  from  Fridion  encreafes  nearly 
C4  in  the  fame  Proportion  that  the  Weights  are  decreafed.  But  this 
64  did  not  happen  to  my  Engine,  in  which  one  Quarter  was  always 

44  fufficient 
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Axis  in  P eritrochio. 

c<  fuffi  cient  for  the  Draught  (or  to  make  the  Power  preponderate  j 
“  not  only  when  the  Weight  was  Seven,  but  alio  when  it  was  Four- 
“  teen  Pound,  Twenty-eight  Pound,  Fifty-fix  Pound,  &c,  which 
“  evidently  fhews,  that  this  Engine  adls  without  Fridtion.  ” 

Thus  far  Monfieur  Pernult.  But  however  plaufible  this  Defcripti- 
on  may  appear,  a  little  Attention  will  fhew,  that  if  this  new  En¬ 
gine  had  no  Fridlion,  yet  it  is  more  inconvenient  than  an  Axis  in 
P  eritrochio  with  the  fame  Proportions ;  and  likewife  that  it  has  more 
Fridtion  than  the  fame  Machine  in  the  common  Ufe.  A  C  E,  is  a  ^ 
common  Axis  in  P eritrochio,  which  has  the  Wheel  A  E  five  times 
bigger  in  Diameter  than  the  Axel ;  fo  that  A  C,  the  Radius  of  the 
Wheel  (which  is  the  Diflance  of  the  Power)  is  to  CB  the  Radius 
of  the  Axel  ( the  Diflance  of  the  Weight )  as  5  to  i  :  Confequently 
One  ( for  Example  one  Ounce,  as  in  our  Experiment )  will  keep 
five  in  iEquilibrio.  Now  though  the  Fridtion  of  the  Gudgeon  at  C 
is  unavoidable,  yet  it  may  be  diminifhed  by  diminifhing  the  Diameter 
of  the  Gudgeon,  provided  it  remains  ftrong  enough  to  fuftain  the 
Machine  and  its  Burthen.  Here  one  Penny-weight,  or  ~Q  of  the 
Power  added  to  it,  makes  it  preponderate,  and  give  the  Machine 
Motion  with  a  due  Velocity. 

Now  this  very  Engine  made  ufe  of  in  Monfieur  PeraulP s  Way, 
does  fo  alter  the  Diftances  of  the  Weight  and  Power,  that  inftead  of 
one  for  our  Power,  we  muft  have  two  and  a  half  to  keep  the  very 
fame  Weight  Five,  in  iEquilibrio,  as  may  appear  by  Fig.  149. 
where,  fince  in  the  Adlion  of  the  Machine,  when  we  pull  the  Rope 
P  A,  we  make  the  Axel  D  B  to  wind  itfelf  up  upon  the  Rope  H  D, 
it  is  evident  that  D  is  now  become  the  Center  of  Motion,  DB  (the 
whole  Thicknefs  of  the  Axis  )  the  Diflance  of  the  Weight  —  2  ;  and 
the  Diflance  of  the  Power  is  reduced  to  A  D  —  4.  So  that  if  two 
Men,  having  been  employed  in  the  common  Way  to  raife  Weights 
equal  to  the  Strength  of  ten  Men,  an  Engineer  fhould  alter  the 
Manner  of  working,  and  fit  up  the  Axis  in  P eritrochio  in  Monfieur 
Peraulfs  Way,  inftead  of  gaining  an  Advantage,  he  muft  call  in 
three  more  Men  to  perform  the  Work.  If  it  be  anfwered,  that 
what  is  loft  in  Strength,  will  be  gained  in  Time,  it  may  not  only 
be  faid,  that  one  cannot  always  call  in  more  Help  on  the  hidden,  but 
that  even  then,  though  we  fhould  not  call  this  an  Inconveniency,  yet 
there  will  be  ftill  more  Fridtion  in  this  than  in  the  common  Method  ; 
for  the  Roller  or  Axel  will  find  a  Difficulty  to  wind  on  the  Ropes, 
becaufe  they  are  not  perfedtly  pliable,  and  the  lefs  fo,  the  greater  the 
Weight  is  that  ftretches  them.  This,  together  with  the  Fridtion  of 
the  Collar  of  the  Rope  of  the  Counterpoife  to  the  Engine,  makes' 
the  Elindrance  greater  than  in  the  common  Way.  For  it  appears 
by  Experiment,  that  when  the  Power  is  become  equal  to  2  \  to 
keep  the  Weight  5  in  /Equilibrio,  there  muft  be  added f  (,  here  4 
Penny-weight)  to  out  the  Power  in  Motion. 
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And  to  fhew  that  this  FriCtion  of  the  Ropes  is  not  always  the 
lame  as  Monfieur  Per ault  fuppofes  it  *,  when  P  ( or  the  Power )  is 
made  only  one  Ounce,  and  W  (  or  the  Weight )  two  Ounces,  then 
to  make  the  Power  preponderate,  only  2  Penny-weight  and  18 
Grains  was  fuffi cient. 

N.  B.  When  Pis  =  2^5  and  W  —  5,  the  additional  Weight 
marked  f ,  was  4  Penny- weight  and  2  Grains. 


ji farther  Ex - 
ami  nation  of 
the  Machine 
/aid  to  be  with¬ 
out  Friftion. 
By  the  fame. 
N°  412.  p. 
228. 

Fig.  i5o> 


2.  In  every  Inclination  of  the  Plane,  if  the  Sine  of  the  Angle  of 
Inclination  be  taken  in  Parts  of  the  Radius  of  the  Axel,  or  Roller, 
the  Power  will  be  to  the  Weight  : :  as  the  Radius  of  the  Roller  -E 

the  Sine  of  Inclination,  to  the  Radius  of  the  Wheel  _  the  faid 

Sine  of  Inclination  ;  that  is,  P  (=1)  :  W  (=3)  ::dk:ak. 

In  the  prefen  t  Experiment  BE  is  an  inclined  Plane,  on  which  the 
Roller  C  is  to  roll  up,  touching  the  faid  Plane  at  the  Point  c;  AM 
is  the  Wheel  behind  that  Plane,  another  fuch  Plane,  and  equally  in¬ 
clined,  being  alfo  fuppofed,  behind  the  Wheel,  to  fupport  the  other 
End  of  the  Roller. 


The  Lines  of  Direction  of  the  Power  and  Weight  being  a  P  and 
NdW,  through  the  Point  of  ContaCt,  or  Center  of°! Motion,  c  draws 
A  D  parallel  to  the  Horizon,  and  perpendicular  to  a  P  and  d  W  •, 
through  the  Center  of  the  Engine,  C  draws  a  d  parallel  to  A  D 
Suppofe  the  Angle  Be  A  of  the  Plane’s  Inclination  to  be  30°,  the 
right  Sine  will  then  be  equal  to  half  the  Radius  ;  therefore  dividing 
C  2  ( the  Radius  of  the  Roller )  into  two  equal  Parts  at  k,  if  you 
draw  kc  and  C  c,  the  Angle  kcC  will  be  equal  to  B  c  A,  and 
its  Sine  will  be  C  k.  Now  fince  it  is  evidently  the  fame  thing  to 
make  ufe  of  a  d  for  a  Lever,  whofe  Center  of  Motion  is  at  k^  as 
of  A  D  equal  and  parallel  to  it  with  its  Center  of  Motion  at  c ;  it 
follows  that  in  this  Inclination  of  the  Plane,  the  Diftanee  of  the 
Weight  d  k  is  greater  than  dC  (the  Diftanee  of  the  Weight  in 
the  common  Ufe  of  this  Engine  )  by  the  Addition  of  the  Quantity 
C  k,  the  Sine  of  the  Angle  of  Inclination  ;  and  k  a,  the  Diftanee 
of  the  Power  is  lels  than  C  a  (the  Diftanee  of  the  Power  in  the 
common  Way )  by  the  Subtraction  of  the  faid  Quantity  or  Sine 
C  k :  Confequently  that  on  an  inclined  Plane,  the  Power  is  to  the 
Weight  :  :  as  D  c  :  to  c  A.  Q^E.  D. 

Corollary  I.  Hence  it  follows,  that  the  Radius  of  the  Wheel,  and  the  Radius 
of  the  Roller  being  given,  the  Lofs  of  Power  may  be  found  in  any 
Inclination  of  the  Plane.  Tnus,  as  here,  the  Power,  which  in  the 
common  Way  would  be  but  f  of  the  Weight,  muft  be  j  Part  of  it: 
So  if  the  Angle  of  the  Plane’s  Inclination  was  but  n°  32'  the  Power 
would  be  ~  of  the  Weight,  &V. 

CemVary  II.  Hence  follows  alfo,  that  if  the  Plane  B  E  be  Horizontal,  no* 
Force  of  the  Power  will  be  loft,  becaufe  eg  :  cf:  :  CG:CF. 
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As  the  Fridtion  of  the  winding  of  the  Ropes,  fuch  as  B  c  in  the  Scholium. 
new  Way,  is  greater  than  the  Fridtion  of  the  Pivot  in  the  old 
Way,  (befides  the  Fridtion  of  the  Collars  of  the  Countcrpoife  to 
the  Engine)  fo  that  Fridtion  diminifhes,  as  the  Ropes  bear  lefs 
Weight,  according  to  the  Diminution  of  the  Angle  of  the  Plane  *, 
and  when  the  Plane  is  horizontal,  and  without  a  Counterpoife,  even 
then  the  winding  up  of  the  Ropes,  and  Prefiure  of  the  Roller  againft 
the  Plane,  is  equal  to  the  Fridtion  in  the  common  Way. 

N.  B.  The  Experiment  is  made  here  with  Pivots  twelve  times  lefs 
in  Diameter  than  the  Roller,  and  fine  pliable  Silk,  inftead  of 
Ropes. 


X.  The  Machine  confifts  of  three  Pullies  ( two  upper  and  one 
lower,  or  a  Tackle  of  three)  whofe  Diameters  are  exadtly  as  fol¬ 
lows,  2  Inches,  i  £  Inch,  1  ±  Inch  ;  and  all  the  Center  Pins  of 
~  Inch  Diameter :  The  Rope  being  of  f  d  Inch  in  Diameter. 

The  Weight  is  18  Pounds  Averdupois ,  and  confequently  the  Power 
to  keep  it  in  ALquilibrio  mud  be  =  6  and  a  very  little  more  mud 
make  the  Power  raife  the  Weight,  if  there  was  no  Fridtion  ;  but  here 
no  lefs  than  20  Ounces  are  required,  though  the  Machine  is  as  nicely 
made  as  it  can  pofiibly  be. 

I  have  fhewn  by  Experiment,  that  when  the  Weight  is  unknown, 
f  of  the  Power  is  the  Fridtion  of  a  Cylinder,  whofe  Surface  moves 
as  fall  as  the  Power,  and  whofe  Gudgeons  are  equal  in  Diameter  to 
the  Cylinder.  Now  as  the  Diameter  of  the  firft  Pulley  is  eight  times 

4ib 

bigger  than  its  Pin,  its  Fridtion  mud  be - 01*8  Ounces. 

8 

The  fecond  Pulley,  whofe  Surface  moves  as  flow  again  as  the 
Power,  and  whofe  Pin  is  fix  times  lefs  in  Diameter,  mud  of  Confe- 
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quence  have  its  Fridtion  of  only  5  |  Ounces ;  becaufe 
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The  third  Pulley  moving  with  f  of  the  Velocity  of  the  Power,  on 

a  Pin  of  4  of  its  Diameter,  has  for  its  Fridtion  4  j - §  •,  be- 

64  J 

caufe - 


=  4i  — 5. 


Now  the  Sum  of  all  thefe  Fridtions  being  17,6  J  which  is  the 
5,4  Part  of  the  Power  6  this  Addition  does  fo  encreafe  the  Fric- 

T  t  2  tion 
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tion  as  to  require  a  Super-addition  of  the  5,4  Part  of  that  firft  Addi¬ 
tion,  and  fo  on,  in  this  Series,  §  17,62  +  3,2  -f-  0,59,  &c.~ 
•21,41  5* 

Then  the  Sum  of  the  Fridtions  upon  account  of  bending  the  Ropes 
■  too  tedious  to  explain  now,  before  I  give  a  full  Account  in  my  in¬ 
tended  Theory  of  Fridtion )  deduced  from  the  Experiment  that  a 
Rope  of  fQ  Inch  in  Diameter  ftretched  by  6  requires  4,5  §  to 

bend  it  round  a  Cylinder  of  1  Inch - ,  amounts  to  1,8-f-i,  15-f-i, 

124—  4,424  5,  which,  with  the  other  Fridtion,  amounts  to  25,834 
But  as  I  have  formerly  thewn  in  thele  Tranfattions.  that  when  a  Rope 
drawn  by  unequal  Weight  runs  over  a  Pulley,  the  PrefFure  on  the 
Pin  is  diminifhed/,  that  diminifhed  Prefifure  (found  by  Calculation 
to  be  near  6  5  )  being  taken  from  the  above  Sum,  the  Fridtion 
remaining  wall  be  19,834  5  ;  and  the  Experiment  is  juft  20  3* 

N.  B,  Nothing  was  here  allowed  for  the  Weight  added  to  bend 
the  Ropes,  which  would  ftill  bring  the  Experiment  nearer  the 
Theory. 

XI.  The  firft  Experiment  was  made  with  a  Tackle  of  five  Brafs 
Sheevers  in  Iron  Frames  or  Blocks  j  that  is,  three  Sheevers  in  the 
upper  Block,  and  two  in  the  lower. 

Having  made  an  ^Equilibrium,  by  hanging  one  Hundred  and 
a  quarter  at  the  lower  Block,  and  a  quarter  of  an  Hundred  at  the 
running  Rope  *,  I  added  17  Pounds  and  a  half  before  the  Power  could 
go  down  and  raife  the  Weight. 

Experiment  2.  Two  Hundred  and  a  half  being  balanced  by  half  a 
Hundred,  the  Addition  of  28  Pounds  made  the  Power  raife  the 
"Weight. 

N.  A-  The  Sheevers  were  five  Inches  Diameter,  the  Pins  half  an 
Inch,  and  the  Rope  three  quarters. 

In  the  firft  Experiment  17  Pounds  and  a  half  exceeds  by  4  Pounds 
and  a  half  the  Sum  of  the  Frictions  deduced  from  the  Theory.  But 
in  the  fecond  Experiment  28  Pounds  exceeds  the  Sum  of  the  Fridtions 
but  one  Pound. 

The  Reafon  of  this  appeared  to  be,  that  the  Rope  at  firft  was  too 
big  for  the  Cheeks  that  held  the  Sheevers  *,  but  in  the  fecond  Experi¬ 
ment,  where  the  Rope  was  more  ft  retched,  it  was  fomewhat  dimi¬ 
nifhed  in  Diameter,  and  fo  brought  off  from  rubbing  fo  hard  againft 
thole  Cheeks. 

From  knowing  the  Quantity  of  Fridlion  a  priori  in  fuch  large 
Tackles,  we  may  know  what  to  expecft  in  Practice  :  For  if  one  Man, 
who  for  a  lmall  time  can  exert  the  Force  of  one  Hundred  Pounds, 
thinks  that  he  may  draw  up  a  Stone,  or  a  Roll  of  Sheet-Lead,  or 
any  other  fuch  Weight  to  the  Top  of  a  Houfe  with  a  Tackle  of 
Five  (  becaufe  this  would  feem  feafible  from  mechanical  Princi¬ 
ples  ) ' 
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pies)  will  find  himfelf  miftaken  on  account  of  the  Friction,  which 
will  not  be  furmounted  without  an  additional  Force  of  fifty  Pounds. 


XII.  Thofe  who  endeavour  after  a  perpetual  Motion  take  it  for  Remarks  on 
granted,  that  if  a  Weight  defcending  in  a  Wheel,  at  a  determinate/5'**  Attempts 
Diftance  from  the  Centre,  does  in  its  Afcent  approach  nearer  to  it ; 
fuch  a  Weight  in  its  Defcent  will  always  preponderate,  and  caufe  a  Motion,  by  the 
Weight  equal  to  it  to  rife,  provided  it  comes  nearer  the  Centre  in  its  fame.  N° 
Rife  ;  and  accordingly  as  itfelf  rifes,  will  be  overbalanced  by  ano-  3 QV-  234- 
ther  Weight  equal  to  it ;  and  therefore  they  endeavour  by  various 
Contrivances  to  produce  that  Effect,  as  if  the  Confequence  of  it  would 
be  a  perpetual  Motion. 

But  I  fhall  fhew,  that  they  miftake  one  particular  Cafe  of  a  gene¬ 
ral  j Theorem*,  or  rather  a  Corollary  of  it,  for  the  Theorem  itfelf.  The 
Theorem  is  as  follows : 

If  one  Weight  in  its  Defcent,  does  by  Means  of  any  Contrivance,  Theorem. 
caufe  another  Weight  to  afcend  with  a  lefs  Momentum  or  Quanti¬ 
ty  of  Motion  than  itfelf,  it  will  preponderate  and  raife  the  other 


Weight. 

Therefore  if  the  Weights  be  equal,  the  defcending  Weight  muft  Corollary  L 
have  more  Velocity  than  the  afcending  Weight,  becaufe  the  Momen¬ 
tum  is  made  up  of  the  Weight  multiplied  into  the  Quantity  of  Matter. 

Therefore  if  a  Lever  or  Balance,  have  equal  Weights  fattened  or 
hanging  at  its  Ends,  and  the  Brachia  be  ever  fo  little  unequal,  that  Corollary  IL 
Weight  will  preponderate,  which  is  fartheft  from  the  Centre. 

This  fecoud  Corollary  caufes  the  Miftake  j  becaufe  thofe,  who 
think  the  Velocity  of  the  Weight  is  the  Line  it  defcribes,  expect!  5 dolium. 
that  that  Weight  fhall  be  overpoifed,  which  defcribes  the  fhort- 
eft  Line,  and  therefore  contrive  Machines ,  to  caufe  the  afcend¬ 
ing  Weight  to  defcribe  a  fhorter  Line  than  the  defcending  Weight. 


As  for  Example,  in  the  Circle  A  D  B  a, 


the  Weights  A 


and  B  Fig.  151. 


being  fuppofed  equal ,  they  imagine,  that  if  ( by  any  Contriv¬ 
ance  whatever)  whilft  the  Weight  A  defcribes  the  Arc  A  a,  the 
Weight  B  is  carried  in  any  Arc*  as  B  b,  fo  as  to  come  nearer  the 
Centre  in  its  rifing,  than  if  it  went  up  the  Arc  B  D  *,  the  faid  Weight 
fhall  be  overpoifed,  and  confequently,  by  a  Number  of  fuch  Weights, 
a  perpetua)  Motion  will  be  produced.  , 

This  is  attempted  by  feveral  Contrivances,  which  all  depend  up¬ 
on  this  falfe  Principle  ;  but  I  fhall  only  mention  one,  where  a  Wheel  Fig.  152. 
having  two  parallel  Circumferences,  has  the  Space  between  them  di¬ 
vided  into  Cells,  which  being  carved,  will  f  when  the  Wheel  goes 
round  )  caufe  Weights  placed  loofe  in  the  faid  Cells,  to  defcend  on 
the  Side  A  A  A,  at  the  outer  Circumference  of  the  Wheel  •,  and  on 
the  Side  D  to  afcend  in  the  Line  B  b  b  b,  which  comes  nearer  the 
Centre,  and  touches  the  inner  Circumference  of  the  Wheel.  In  a 
Ma shine  of  this  Kind,  the  Weights  will  indeed  move  in  fuch 


a 


Manner, 
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Fig.  151. 
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Manner,  if  the  Wheel  be  turned  round,  but  will  never  be  the  Caufe 
of  the  Wheel’s  going  round. 

The  Velocity  of  any  Weight  is  not  the  Line,  which  it  defcribes 
in  General,  but  the  Height  that  it  rifes  up  to,  or  falls  from,  with 
refpedt  to  its  Diflance  from  the  Centre  of  the  Earth.  So  that  when 
the  Weight  defcribes  the  Arc  A  a,  its  Velocity  is  the  Line  AC, 
which  fhews  the  perpendicular  Defcent  (  or  mcafures  how  much  it  is 
come  nearer  to  the  Centre  of  the  Earth  )  and  likewife  the  Line  B  C 
denotes  the  Velocity  of  the  Weight  B,  or  the  Height  that  it  rifes  to 
when  it  alcends  in  any  of  the  Arcs  B  b,  in  head  of  the  Arc  B  D  : 
So  that  in  this  Cafe,  whether  the  Weight  B  in  its  Afcent  be  brought 
nearer  the  Centre  or  not,  it  lofes  no  Velocity,  which  it  ought  to  do, 
in  order  to  be  raifed  up  by  the  Weight  A.  Nay,  the  Weight  in 
rifing  nearer  the  Centre  of  a  Wheel,  may  not  only  not  lofe^of  its 
Velocity,  but  be  made  to  gain  Velocity,  in  Proportion  to  the  Velo¬ 
city  of  its  counterpoifing  Weights,  that  defccnd  in  the  Circumference 
of  the  oppofite  Side  of  the  Wheel for  if  we  confider  two  Radij  of 
the  Wheel,  one  of  which  is  Horizontal,  and  the  other  (  fattened  to 
and  moving  with  it )  inclined  under  the  Horizon  in  an  Angle  of  60 
degr.  and  by  the  Defcent  of  the  End  B  of  the  Radius  B  C,  the 
Radius  C  D  by  its  Motion  caufes  the  Weight  at  D,  to  raife  up  the 
Line  p  P,  which  is  in  a  Plane  that  flops  the  faid  Weight  from  rhino- 
in  the  Curve  D  A,  that  Weight  will  gain  Velocity,  and  in  the  Be^ 
ginning  of  its  Rife,  it  will  have  twice  the  Velocity  of  the  Weio-ht  at 
B  •,  and  confequently,  inflead  of  being  raifed,  will  overpoife°  if  it 
be  equal  to  the  laft  mentioned  Weight.  And  this  Velocity  will  be  fo 
much  the  greater,  in  Proportion  as  the  Angle  A  C  D  is  greater,  or 
as  the  Plane  P  p  ( along  which  the  Weight  D  muft  rife)  is  nearer  to 
the  Centre.  Indeed  if  the  Weight  at  B,  could  by  any  Means  be 
lifted  up  to  /3,  and  move  in  Arc  /3  b,  the  End  would  be  anfwered  j 
becaufe  then  the  Velocity  would  be  diminifhed,  and  become  /3  C. 

Take  the  Lever  BCD,  whofe  Brachia  are  equal  in  Length,  bent 
in  an  Angle  of  120  degr.  at  C,  and  moveable  about  that  Point  as  its 
Centre:  In  this  Cafe,  a  Weight  of  two  Pounds  hanging  at  the 
End  B  of  the  horizontal  Part  of  the  Lever,  will  keep  in  Aquilibrio 
a  Weight  of  Four  Pounds  hanging  at  the  End  D.  But  if  a  Weight 
of  one  Pound  be  laid  upon  the  End  D  of  the  Lever,  fo  that  in  the 
Motion  of  D  along  the  Arc  p  A,  this  Weight  is  made  to  rife  up" 
again  ft  the  Plane  Pp  (which  divides  in  half  the  Line  AC  equal 
to  CB  )  the  faid  Weight  will  keep  in  Aequilibrio  two  Pounds  at  B, 
as  having  twice  the  Velocity  of  it,  when  the  Lever  begins  to  move. 
This  will  be  evident,  if  you  let  the  Weight  4  hang  at  D,  whilft  the 
Weight  1  lies  above  it :  For  then  if  you  move  the  Lever,  the 
Weight  1  will  rile  four  times  as  fad  as  the  Weight  4. 
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XIIL  I  took  the  Leaden  Balls  A  and  B,  the  firft  weighing  on e  Experiment, 
Pound,  and  the  other  two  Pounds  ;  and  having  from  each  of  them  concerning  the 
cut  off  a  Segment  of  about  ~  Inch  in  Diameter.  I  prefs’d  them  to-  Cohe(ion  °f 
gether  with  my  Hand,  with  a  little  Twift,  to  bring  the  flat  Parts  ^Jhe 
to  touch  as  well  as  I  could.  The  Balls  ft uck  fo  fait,  that  when  the  389%.  345. 
Hand  H,  by  means  of  a  String,  fuftained  the  upper  Bali  A,  the  Fig.  154.  ’ 
lower  one  B  (  by  reafon  of  its  Contact  at  C )  was  fuftained,  though 
loaded  with  the  Scale  S,  and  Weights  E,  which  amounted  to  16  Pounds* 

A  little  more  Weight  added  feparated  them,  and,  Upon  viewing  the 
touching  Surfaces,  it  appeared  that  they  did  not  exceed  a  Circle  of 
to  Inch  Diameter;  but  this  Surface  can  hardly  be  meafured  exadlly, 
on  account  of  its  Irregularity.  The  Experiment  was  repeated  fe- 
veral  Times,  and  the  Cohefion  of  the  Balls  was  different  every 
Time. 

On  the  upper  Pin  or  Bar  of  the  wooden  Frame  D  d  I  H,  I  fu-  F 
fpended  the  Steelyard  E  F,  whole  Hook  held  up  a  leaden  Ball  A  1S‘  *55* 
of  two  Inches  irt  Diameter,  having  a  Hole  through  it,  at  A,  to  re¬ 
ceive  a  String  ;  the  lower  Ball  B  equal  to,  and  prepared  in  the 
fame  Manner  as  the  firft,  received  the  Pin  Oo,  through  its  String, 
fo  that  G,  the  Weight  of  the  Steelyard,  was  made  ufe  of  to  fepa- 
rate  the  Balls,  which  happened  when  it  was  applied  at  the  Number 
20,  in  the  firft  Experiment  ;  but,  in  the  three  following  Experi¬ 
ments,  the  Balls  were  not  feparated  till  the  Weight  was  removed  to 
the  Numbers  25,  37,  and  45,  exprefling  Pounds  on  the  Steelyard. 

Laftly,  The  Balls  being  applied  together  as  before,  ftill  cleaning 
the  Surface  of  Contact  with  my  Knife,  and  never  making  a  Contadl 
fenfibly  greater  than  what  I  mentioned  before  ;  the  Weight  G  remov¬ 
ed  quite  to  the  End  F,  where  it  weighed  47  Pounds,  was  not  able 
to  feparate  the  Balls. 
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I.  1.  LOBULO,  A.  fatis  magno,  f  quo  major  Globulus  eo 
Vj  melior)  tubi  fibi  oppofiti  CD  &  EF  anneduntur,  tu¬ 
bulo  gracillimo  EF  receptaculum  G  additur,  mediumque  tubuli 
p.undo  a  minutiflimo,  fatis  tamen  vifibili,  denotatur.  Extremitas 
altera  tubuli  C  D  globulo  B  praedita  ell,  qui  receptaculi  loco  pon¬ 
deri  inferiori  ( quo  nempe  inftrumentum  aggravatur  )  infervit.  Di- 
flantia  globuli  B  a  centro  globi  A  triplo  major  fit,  quam  diftantia 
receptaculi  G  ab  eodem  centro.  Inftrumento  ita  praeparato,  glo¬ 
bulus  B  tanta  mercurii  quantitate  repletur,  ut  fi  Araeometron  liquori 
lev  i  (fimo,  exempli  gratia,  fpiritui  vini  bene  dephlegmato,  vel  fpiritui 
Terebinthinae  immergatur,  illud  in  liquore  fere  ufque  ad  pundum  a 
defeendat  *,  quo  fado,  tubulus  prope  E  hermetice  figillatur,  &  in¬ 
ftrumentum  bilance  accuratiori  ponderatur;  eritque  pondus  inftru- 
menti  etiam  ipfifiimum  liquoris  ab  inftrumento  deturbati  pondus, 
utpote  fatis  hydroflatices  peritis  notum  efl  Si  autem  graviores  invef- 
tigandi  Hint  liquores,  exempli  gratia,  aqua,  lixivia,  vel  fpiritus  aci¬ 
di,  eorum  gravitatis  differentia  invenitur,  dum  nempe  inftrumentum 
in  receptaculo  G  tanto  pondere  oneratur,  ut  illud  iterum  ad  pundum 
a  fubfidat.  Hoc  pondere  gravitati  inftrumenti  addito,  illorum  liquo¬ 
rum  gravitates  fpeciffcae  ( fi  pondera  fint  minutiflima )  fatis  exade 
habebuntur  :  &  fic  de  caeteris. 

Dixi  quod  inftrumentum  in  memoratis  fpiritibus  fere  ad  pundum  a 
fubfidere  debeat ;  melius  enim  erit,  ut  non  perfede  liquor  illud  punc¬ 
tum  attingat,  &  ut  differentia  parva  ponderibus  minutifiimis  adjuve¬ 
tur  :  hoc  enim  modo,  fi  forfan  adhuc  liquores  leviores  darentur,  vel 
etiam  fi  liquorum  memoratorum  gravitas  a  calore  fpecifice  levior 
redderetur,  adhuc  inftrumento  explorari  poterunt,  quod  alias  non 
fuccederet,  fi  illud  perfede  ad  pundum  a  in  nominatis  fpiritibus  fub- 
fideret. 

Dum  autem  experimenta  fiunt,  cavendum  eft,  ne  fuperficies,  tam 
inftrumenti,  quam  liquorum  aliqua  pinguedine,  vel  aliis  particulis 
heterogeneis  fint  imbuta  ;  aliter  enim  experimenta  nunquam  fatis  ac¬ 
curate  peragentur. 

2.  The  Hydrometer,  by  forne  called  Areometer,  is  an  Inftrument 
commonly  made  of  Glafs,  confiding  of  a  Stem  A  B,  graduated  by 
1 111  a  11  Beads  of  Glafs  of  different  Colours,  ftuck  on  the  Outfide,  a 
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larger  Ball,  B,  quite  empty  as  well  as  the  Stem,  and  a  final!  Ball,  C, 
filled  with  Quickfilver  before  the  End  A  was  hermetically  fealed,  in 
fuch  Manner  as  to  make  the  Hydrometer  fink  in  Rain-Water  as 
deep  as  m ,  the  Middle  of  the  Stem.  Such  an  Inftrument  does  in¬ 
deed  Ihew  the  different  fpecifick  Gravity  of  all  Waters  or  Wines 
by  finking  deeper  in  the  lighter,  and  emerging  more  out  of  the  hea¬ 
vier  Liquors;  but  as  it  is  difficult  to  have  the  Stem  exactly  of  the 
lame  Bignefs  all  the  Way,  and  if  it  could  be  had,  the  fame  Inftru¬ 
ment  would  not  ferve  for  Water  and  Spirits,  finking  quite  over  Head 
in  Spirits  when  made  for  Water,  and  emerging  in  Water  with  Part 
of  the  great  Ball  out,  when  made  for  Spirits.  The  Hydrometer  has 
only  been  ufed  to  find  whether  any  one  Liquor  is  fpecifically  heavier 
than  another ;  but  not  to  tell  how  much,  which  cannot  be  done 
without  a  great  deal  of  Trouble,  even  with  a  nice  Inftrument.  The 
Hydroftatical  Balance  has  fupplied  the  Place  of  the  Hydro¬ 
meter,  and  fhews  the  different  fpecifick  Gravity  of  Fluids  to  a  very 
great  Exadtnefs.  But  as  that  Balance  cannot  well  be  carried  in  the 
Pocket,  and  much  lefs  managed  and  underftood  by  Perfons  not  ufed 
to  Experiments,  Mr.  Clarke  was  refolved  to  perfect  the  Hydrometer 
for  the  Ufe  of  thofe  that  deal  in  Brandies  and  Spirits,  that  by  the 
Ufe  of  the  Inftrument  they  may,  by  Infpedion,  and  without  Trou¬ 
ble,  know  whether  a  fpirituous  Liquor  be  Proof,  above  Proof,  or 
under  Proof,  and  exa&ly  how  much  above  or  under:  And  this  muft 
be  of  great  Ufe  to  the  Officers  of  the  Cuftoms,  who  examine  im¬ 
ported  or  exported  Liquors. 

>  After  having  made  feveral  fruitlefs  Trials  with  Ivory,  becaufeit  im¬ 
bibes  fpirituous  Liquors,  and  thereby  alters  its  Gravity,"  he  at  laft  made 
a  Copper  Hydrometer,  having  a  Brafs  Wire  of  about  %  Inch  thick  go¬ 
ing  through,  and  foldered  into  the  hollow  Copper  Ball,  B  The  - 
upper  Ball  of  this  Wire  is  filed  flat  on  one  Side,  for  the  Stem  of  the  ^  IS3‘ 
Hydrometer,  with  a  Mark  at  m,  to  which  it  finks  exadly  in  Proof 
Spirits.  There  are  two  other  Marks,  A  and  B,  at  Top  and  Bottom 
of  the  Stem,  to  fhew  whether  the  Liquor  be  Tr0  above  Proof  (as 
when  it  finks  to  A)  or  ±0  under  Proof  ( as  when  it  emerges  to  B  ) 
when  a  Brafs  Weight,  fuch  as  C,  has  been  ferewed  on,  to  the  Bot¬ 
tom  at  c.  There  are  a  great  many  fuch  Weights  of  different  Sizes, 
and  marked  to  be  ferewed  on,  inftead  of  C,  for  Liquors  that  differ 
more  than  from  Proof,  fo  as  to  ferve  for  the  fpecifick  Gravities  A  CaKtio„ 
in  all  fuch  Proportions  as  relate  to  the  Mixture  of  fpirituous  Li-  be  u*ed  'in  1°^ 
quors,  in  all  the  Variety  made  Ufe  of  in  Trade.  There  are  alfo  ^mining  the 
other  Balls,  for  fhewing  the  fpecifick  Gravities  quite  to  common  sPeciM  Gra- 
Water,  which  makes  the  Inftrument  perfect  in  its  Kind.  iyy  of  So/lA, 

x  by  ivetgbing 

TT  .  them  in  Wa- 

.  lb  t*  As  oftentimes  of  good  Ufe  to  know  the  Specifick  Gra-  ter.  By  James 

vity  of  folid  Bodies,  a  great  Number  of  Experiments  have  been  JQfin>  M.  D . 
made  upon  this  Subjedt  by  Members  of  the  Royal  Society,  and  o- 
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then  Curious  Perfons;  the  Refult  of  which  has  been  publifhed  in  fe- 
veral  Tables  in  the'  Philofophical  Tranfaftions,  and  elfewhere.  But, 
as  it  is  neceftary  that  Experiments  of  this  Nature  fliould  be  made 
with  great  Exa&nefs,  if  we  would  fo  far  depend  upon  them,  as  to 
draw  any  Inferences  from  them  in  Natural  Philofophy,  it  may  not  be 
armifs  to  mention  a  Caution,  which  is  oftentimes  neceftary  in  the 
making  of  them,  and  which  I  have  Reafon  to  think  has  been  gene¬ 
rally  very  little  regarded.  It  is  this ;  That  when  a  dry,  porous 
Body  is  to.  be  weighed  in’ Water,  in  order  to  difeover  its  Specif  ck 
Gravity,  it  is  necefiary,  by  feme  means  or  other,  to  extricate  the 
Air  out  of.  all  the  fmall  Pores  and  Cavities  within  it,  that  the  Wa¬ 
ter  may  have  free  Liberty  to  enter  and  pervade  them.  Unlefs  this 
Care  be  taken,  it  muft  needs  happen,  that  the  Air,  which  pofleftes 
thofe  fmall  Cavities,  and  keeps  the  Water  out,  will  render  the  Solid 
of  lefs  Weight  in  the  Water,  and  confequently  of  lefs  apparent  Spe- 
cifick  Gravity  than  it  really  is.  The  beft  way  of  avoiding  this  In¬ 
convenience,  is,  to  fet  the  VeiTel  of  Water,  in  which  the  folid  Body 
is  im merged,  under  the  Receiver  of  an  Air-Pump,  and  to  extract 
the  Air  out  of  the  Body  by  that  Means  •,  which  will  be  more  eafily 
and  exadly  done,  if  the  Water  be  firft  heated  over  the  Fire.  And 
where  the  Convenlency  of  an  Air-Pump  cannot  be  had,  the  fame 
Thing  may  be  done  almoft  as  well,  by  letting  the  folid  Body  con¬ 
tinue  fome  Time  in  boiling  Water  over  the  Fire. 

But  no  folid  Body  muft  ever  be  put  into  hot  Water,  that  will  in 
any  meafure  diftolve,  or  give  a  Tindure  to  the  Water- 

One  Inftance  of  the  Negled  of  this  Caution,  may  be  feen  in  the 
Accounts  we  have  of  the  fpecifick  Gravity  of  the  Stones  taken  out 
of  human  Bladders,  which  have  been  commonly  found  to  be  but  a- 
bout  one  half,  and  fome  of  them  have  been  no  more  than  a  fourth 
Part  heavier  than  an  equal  Bulk  of  Water.  From  this  it  has  been 
too  haftily  concluded,  that  thefe  Stones  are  very  improperly  called 
by  that  Name,  as  not  at  all  approaching  to  the  fpecifick  Gravity  of 
even  the  lighted  real  Stones,  that  we  have  any  Account  of. 

Whereas  it  is  much  more  reafonable  to  fuppofe,  that  thofe  Stones, 
which  have  been  found  to  be  fo  light,  were  fuch  as  had  been  a  con- 
fiderable  Time  taken  out  of  the  Bladder,  and  confequently  had  loft 
much  of  their  Weight  by  the  Evaporation  of  the  Urine,  with  which 
they  had  at  firft  been  iaturated,  and  that  they  had  afterwards  been 
tried  without  the  Caution  above-mentioned.  I  would  therefore  beg 
Leave  to  recommend  it  to  thofe,  who  ihall  examine  the  Specifick 
Gravity  of  the  human  Calculus ,  that  they  will  either  try  the  Expe¬ 
riment  upon  Stones  frefh  taken  out  of  the  Bladder,  or  elfe  that  they 
will  be  pleafed  to  ufe  the  above-faid  Method,  to  extricate  the  Air 
out  of  their  Cavities.  If  they  do  this,  I  am  confident  they  will  meet 
with  fome  Calculi  ( as  I  have  done)  exceeding  the  Weight  ofTome 
forts  of  burnt  earthen  Ware  and  Alabafter,  and  approaching  very 
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near  to  that  of  Brick,  and  the  fofter  fort  of  paving  Stone,  ^  But  it  is 
not  to  be  expeded,  that  they  fhould  entirely  equal  the  Specifick  Gra¬ 
vity  of  Stone,  found  in  the  Earth  *,  becaule  the  Mixture  ot  fome 
Portion  of  the  Animal  Oil  and  Volatile  Salt,  with  the  ftony  Subftance 
of  the  human  Calculi ,  muft  needs  lelfen  the  Specifick  Gravity  of  the 
whole  Concrete. 

I  fhall  mention  one  other  Obfervation,  relating  to  this  Subject  *, 
which,  however  trivial  it  may  feem,  yet  to  me  was  very  furprizing, 
when  I  accidentally  difcovered  it.  It  is,  That  the  Subdance  of  all 
Wood  (as  Oak,  Fir,  &c.  )  is  fpecifically  heavier  than  Water.  To 
prevent  being  mifunderftood,  1  muft  obferve,  that  in  Wood,  and 
other  Vegetables,  there  are  two  Sorts  of  Vefiels  •,  one  of  which  con¬ 
vey  the  Sap,  and  the  other  contain  only  Air,  for  which  Reafon  they 
are  called  Air-Vefiels.  When  Wood  floats,  or  fwims  in  Water,  this 
Efted  is  not  owing  to  the  Lightnefs  of  the  Subftance  of  the  Wood, 
but  only  to  its  being  buoyed  up  by  the  Air  contained  in  the  Vefiels 
before-faid.  For  when  the  Air  is  extracted  out  of  thofe  Vefiels,  and 
inftead  thereof  the  Water  has  infinuated  itfelf  into  them,  the  Wood 
wili  fink  to  the  Bottom.  As  is  very  eafily  fhewn  in  fmall  Chips, 
or  Shavings  of'  Wood,  by  means  of  the  Air-Pump,  or  an  Infufion 
in  boiling,  or  even  in  cold  Water  for  a  fufficient  Time.  And  the 
fame  is  found  to  fucceed  in  the  Roots,  Stalks,  Leaves,  and  Seeds 
of  as  many  other  Vegetables  as  I  have  yet  tryed  ;  Cork  only  except¬ 
ed  •,  in  which  laft  I  had  no  Reafon  to  exped  it,  confidering  the 
particular  Structure  of  that  Subftance,  as  defcribed  by  Dr.  Hook ,  in 
his  Micrcgraphia. 


2.  Aurum  — •  :  . —  — 

Mercurius  —  —  — 

Plumbum  —  * —  — 

Argentum  —  —  — • 

Cuprum  Suecicum  —  —*•*  — 

Idem  Japonenfe  • —  ■ —  —  — 

Ferrum  —  —  —  —  — * 

Stannum  provincice  Indian  Orientalis  vulgo  diet ce  Malacca 
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Stannum  Anglicanum  —  —  —  73 1 3 

Marcafita  alba  —  —  —  9 8 5° 

Regulus  Antimonii  —  —  —  —  6622 

Aurichalcum  —  —  1 —  —  8412 

Cryftallus  de  rupe  —  —  • —  2669 

Pyrites  homogeneus  —  —  — g  :  2584 

Cinis  clavellatus  fordibus,  faleque  neutro  quodam  (  quod  fere  femper 
magis  vel  minus  in  cinere  illo  reperitur  )  depurgatus  —  3  ! 12 

Sal  illud  neutrum  —  —  —  2642 

Sal  maritimum  —  —  —  —  212  5 

Nitrum  .< —  —  — •  —  21 5° 


Al  umen 


U  u  2 


33° 
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Alumen  - 

Saccharum  albiflimum 


Oleum  Vitrioli 


Fig.  159. 


Fig.  160; 


Lixivium  cineris  clavellati  fale  quantum  fieri  potuit  impraegnatum 
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Idem  alio  tempore  praepa ratum 
Aqua  fortis  melioris  notae 

Spiritus  nitri  - 

Aqua  pluviatilis  - - 

Oleum  Raparum  - 

Alcohol  vini - 

Idem  magis  dephlegmatum 
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Experimenta  variis  funt  fa6la  modis.  Corpora  enim  fixa,  ut  vulgo 
fieri  folet,  prius  bilancis  accuratioris  ope  in  aere  &  deinde  in  aqua 
pluviatili  funt  ponderata.  Salium  pondus,  prius  in  aere,  &  tunc  in 
liquore  idoneo  quodam  eft  exploratum,  &  deinde  calculo  ad  gravita¬ 
tem  aquae  comparatum.  Liquorum  gravitates,  interdum  Araeoine- 
tro  fupra  defcripto,  aliquando  autem  vafibus  hic  delineatis  funt  in¬ 
dagatae. 

Globus  Vitreus  concavus  A  ad  Lampadis  flammam  fatis  magnus 
conficitur,  duobus  tubulis  vitreis  fibi  oppofitis  B  &  B  praeditus. 
Tubulorum  extremitates  funt  apertae,  attenuatae,  &  aliquantifper  in¬ 
curvatae,  ne  liquor  effluere  poflit.  Globulus  praeterea  in  inferiori 
loco  aliquantulum  eft  applanatus,  ut  eo  commodius  bilanci  impo¬ 
ni  poflit. 

Ampulla  A,  e  tenuiflimo  vitro  ad  lampadis  flammam  paratur, 
collo  fatis  largo  praedita,  cujus  apertura  operculo  B,  intus  concavo 
tam  Accurate,  quam  fieri  poteft,  clauditur. 

Gpe  hujus  ampullae,  etiam  falium  gravitates  fpecificae  exolorari 
poflunt,  &  quidem  hoc  modo.  Ampulla  prius  liquore  quodam 
idoneo  ( in  quo  nempe  fal,  cujus  graVitas  exploranda  eft,  non  folvi- 
tur  )  impletur,  &  poftquam  liquoris  innotuit  pondus,  liquor  effundi¬ 
tur,  atque  vas  probe  exficcatur.  Hoc  facfto,  fale  fere  totum  vas 
impletur,  &  falis  pondus  inquiritur;  hoc  noto,  interftitia  falis  li¬ 
quore  replentur,  ponderifque  incrementum  a  liquore  addito  quaeritur. 
Si  hocce  incrementum  ponderis  a  pondere  toto  liquoris  fubtrahitur, 
refiduum  exprimet  gravitatem  liquoris  a  fale  deturbati. 

Sal  neutrum  cineris  clavellati  in  fpiritu  nitri  nullam  facit  ebullitio¬ 
nem.  Mercurium  in  fpiritu  nitri  folutum  albo  colore  praecipitat. 
Carbonibus  fuperimpofitum,  crepitu  in  minores  partes  difrumpitur 
&  difpergitur. 

Nitrum  in  tigillo  fupra  ignem  fuit  liquefa&um,  ut  eo  modo  ab 
.omni  humiditate  depurgaretur,  fpatiaque  nonnulla  aere  alias  plena 
nitro  ipfo  replerentur. 


Fig.  159. 


Fig.  160; 


Gravitates 
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Gravitates  liquorum,  quae  afterifeo  notatae  funt,  ad  gradum  qua* 
dragefimum  odtavum  meorum  thermometrorum  calculo  funt  revo¬ 
catae,  &  nonnullorum  jam  in  *  experimentis  de  gradu  ebullitionis 
Kquorum  quorundam  fa£la  eft  mentio. 

Modus  fimpliciffimus  ad  inveftigandam  gravitatis  differentiam, 
quae  a  diverfo  temperamento  fluidorum  originem  fuam  trahit,  eff,  ut 
prius  liquore  minus  calido  (  cujus  tamen  gradus  ope  Thermometri 
notus  efie  debet )  vas  aliquod  repleatur,  &  ponderetur,  deinde  illud 
vas  iterum  calidiori  liquore  impleatur,  &  ut  prius  ponderetur.  Si  in 
hoc  fecundo  experimento  gradus  caloris  iterum  eft  notatus,  habebitur 
differentia  gravitatis  liquoris,  a  calore  inter  hos  gradus  effedta,  quas 
deinde  ope  calculi  facile  unicuique  gradui  attribui  poteft. 

Experimenta  in  aere  funt  fadla  *,  addenda  ergo  erit  unicuique  nu¬ 
mero  gravitas  aeris ,  ut  habeatur  materiarum  gravitas  in  vacuo. 

Eft  autem  aeris  gravitas  fpecifica  ad  illam  aquas,  fere  ut  i  ad  iooo. 

III.  Prob.l.  Invenire  Figuram  Sphteroidis  fluidi  circa  axem  rotan-  Of  the  Figure* 
tis,  pofito  quod  fluidi  partes  verfus  centrum  attrahantur  fecundum  °f  Fluids, tum- 
aliquam  diftantiae  a  centro  dignitatem.  ^Axh^n 
_  Solut.  Sit  P  axis  revolutionis,  &  P  A  QJS  feeftio  Sphaeroidis  Peter  Lewis^ 
per  axem  ;  jam  cum  partes  fluidi  inter  fe  quiefeant,  columnarum  una-  de  Maupertu- 
quasque  CD  idem  habebit  pondus  verfus  C  *,  confiderando  ergo  e  13>qf-  $• 

columnis  unam  CD  quae  efficit  cum  C  P  datum  angulum  cujus  fi-  2f0^zz'^' 
nus  =.  h  pro  radios  i,  dc  quas  ex  infinitis  cylindrulis  G g  componi- 
tur  *,  cylindruli  cujufque  pondus  verfus  C  quaero. 

Gravitas  abfoluta  in  A  cum  fit  data  &  =  pro  habenda  gravitate 

in  G,  erit  p :  p  :  :  C  An.  C  Gn ;  unde  habebitur  gravitas  in  G  feu 

\  p.  C  Gn 

*  = - ‘ 

C  An 

Sed  cum  propter  revolutionis  motum  pars  quaevis  fluidi  repellitur 
vi  centrifuga  fecundum  GH;  &;  cum  in  mobilibus  quse  contempo¬ 
raneas  circulationes  abfolvunt,vires  centrifugae  fint  ut  circulorum  de- 
ferip torum  radij  *,  fi  vis  centrifuga  in  A  fit  data  &  =/,  pro  habenda 

vi  centrifuga  in  G,  erit  f .  f  :  :  C  A.  L  G  =  (  ob  L  G.  C  G  : :  h  .  i 

!•  '  /  h  .  C  G 

h  C  G  •,  unde  habebitur  vis  centrifuga  in  G  feu  /  = - - :  Sed 

CA 


f 

k 


vis  hsec  cum  fecundum  G  H  agat  decomponenda  eft  in  duas  vires 
K  H  &  G  K,  ex  quibus  una  tantum  G  K  partem  aliquam  vis  fecun¬ 
dum  GC  tollit.  Habebitur  ergo  vis  illa  G  K  dicendo  GH.  GK 

vel 
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f  b  .  C  G  '  fbb.CG 
vel  i  .  b:  : - —  •  Z— 


C  A 


C  A 


—  vi  cylindrulum  G  g  verfus  D 


ti 


ahenti.  Viser^o  cylindrulum  Gg  verfus  C  trahens  erit  tantum- 


p  .CGn 


CA« 


fh h  . C  G 
C  A 

fhh . C  G 


•,  &  pondus  cylindruli  verfus  C 


>  erit  ^ 


|),CGtt 

CAn 


C  A 


^  G  g.  Jam  columnae  C  G  ex  cylindrulis  iftis  conflatae 


pondus  erit 


■C 


*p  .  CGa  fh  h  .  C  G^ 


C  An  C  A 
tum  ipfius  CG,  dabit  pro  pondere  columnae  C  G, 


\ 

■  )  G  g ;  quod  cum  G  g  fit  Elemen- 

p .  C  Gn+r 


fh  h  C  G' 

2  C  A 
fhh»  CD 


&  pro  pondere  totius  columns  C  D, 


quod  efficere  debet  pondus  conflans  A. 


«-bi,CAn 
p  .  C  Dn  + 1 


»+i.CA“ 


C  A 

p  rn  +  i 

Si  er  P'0  vocentur  C  A  =  a9  C  D  er  r,  habebitur - 

_ ! _ 


-i  •  ^r» 


fh  hr r  ✓  7  r 

m _ _  —  A.  Et  cum  aequatio  hsc,  quscunque  fit  h9  lemper  ob* 

2  a 

■  '  'J  '  •  ’  i’,  i 

tineat,  jam  fi  h  pro  indeterminata  lumatur,  aequatioprascedens  rela¬ 
tionem  dabit  inter  radium  quemvis  C  13  &  linum  anguli  quem  cum 

axe  PQJacit.  . ,  _  T 

Nunc  determinanda  eft  quantitas  conflans  A.  Ut  squatio  prs- 

cedens,  flt  ad  iedtionem  fphsroidis  illius  cujus  femi-axis  C  A  — o- 
portet,  quando  angulus  D  C  P  efl:  redlus,  vel  quando  h  ==  i,  flt 

p  a 11 + 1  f  a  a 

r  =  a  i  tunc  ergo  habetur  - * -  —  - - -  =  A,  vel  A  zz 

fl  “f”  I  .  2  CL 
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£  ^  n  f  i 

Et  fic  aequatio  corredla ,  eric  - 


( 


2p  —  nf—f 


r0‘ 


f  h  h  r  r 

fi  "4~  i  •  2  a 

vel  2  p  rn  +  1  —  (  »  +  i  }  f  h  h  an~'1  r  r  ^ 


2 . 71  “f“ 

(  2p  —  nf—f)  ani  l* 

JEquatio  haec,  omnium  fphaeroidum  fedllones  determinat  cfuaecun- 
que  fit  dignitas  diftantiae,  fecundum  quam  fit  attradlio  ;  una  tantum 
excepta  hypothefi  in  qua  attractio  foret  in  ratione  fimplicis  diftantiae  a 
centro  in  ver  fa. 

n  .  C  Gn  fbh.CG 

In  hoc  cafu  recurrendum 


erit  ad^- 


) 


G  g  quod  tunc  fit 


( 


p  .  C  A  fbh.CG 


C  G  C  A 

nifi  per  Logarithmos  habetur,  &  prodit^ .  C  A  log.  C  G  — 


CA«  C  A 

)  G  g,  cujus  fluens  non 
fbh.CG 2 


2  CA 


f  h  h  r  r 

3=  A  *,  vel  pro  pondere  totius  columnae  p  a  log.  r - =  A. 


2  a 


Ut  corrigatur  haec  aequatio,  oportet  ut  quando  b=z  i,  fit  a  ; 

f  & 

tunc  ergo  habetur  p  a  log.  a - =  A  ;  &  aequatio  corredta,  eft 

2 

f  h  h  r  r  f  a 

p  a  log.  r - - zzzp  a  log.  a - ;  vel  2  p  a  log. 

2  a  2 

f  h  h  r  r 

=  - f  a  \  vel  tranfeundo  ad  numeros  &  fumendo  c ^numero 

a 

/fbbrr  /\ 

V  2  p  a  a  zp  ) 

cujus  log.  =  i,  habetur  r  —  ac 

Patet  meridianos  fphaeroidum  femper  prodire  curvas  algebraicas 
excepta  tantum  ifta  hac  hypothefi. 

Si  harum  omnium  curvarum  defideretur  aequatio  more  folito  per 
coordinatas  redlangulas,  facile  haberetur.  Nam  faciendo  C  E 
=  &  DE  =  ),  erit  rrz=zxx~{~yy,  &  k  r  —  y.  Exterminando 

ergo 


n  n  v 
000 
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n  +  i 

ergo  h  &  r  ex  aequatione  generali,  invenietur  2  p  (x  x-t-y  y)  2 

(#•■+•  1)  /V1-1  y  y  =  (2  p—nf—f)  tfn  +  1. 

( fyy  __  f  \ 

Et  in  cafu  7;  nr  —  1  ,  vV  #-+7  31  =  ^  ac^aa  ?  '• 

Sed  prima  noftra  ratio  definiendi  curvas  per  radios  &;  angulos 
seque,  &  forfan  hic  magis  commoda  eft  quam  illa  quas  definit  curvas 
per  coordinatas. 

Quamvis  /a,  ut  variabilis  tradatur,  tamen  non  ultra  certos  limites 
variat,  &  hi  limites  funt  0  &  1  \  noftra  itaque  aequatio  radialis  non 
definit  nili  partem  curvae  cujus  amplitudo  eft  angulus  redus  ;  fed 
cum  curvas  iftas  ex  quatuor  arcubus  fimilibus  &  aequalibus  confient, 
dantur  curvas  meridianorum  integras  per  aequationem  noftram. 

Jam  facile  determinatur  ratio  inter  ambos  Sedionis  axes  in  quavis 
Hypothefi. 

Cum  aequatio  generalis  fit  2  prn  +  1  —  (0  - f-  1)  fhh  an—x  rr  — 
( 2  p — nf— f)  a  n+ 1  i  ut  inveniatur  r  quando  b=zo9  habetur  2  pr  ntI— 


{2p  —  nf — f)  an  +1.  Ex  quo  elicitur  C  A.  CP::  (2p)ni\  (  2  p 


-nf—f+)a  +  I- 

Et  in  Hypothefi  gravitatis  fimplici  diftantias  reciproce  proportiona¬ 


lis,  habetur  Log 


Log.  C  P  nr 


JL 

2  p' 


(:)= 


/  - 

2  p.  Ex  quo  elicitur  Log.  C  A 


Patet  quod  n  exiftente  numero  affirmativo,  integro,  feu  frado, 
hoc  eft  in  omnibus  hypothefi  bus  gravitatis  direde  proportionalis  alicui 
diftantias  dignitati,  diameter  asquatoris  axe  revolutionis  major  femper 
erit.  Sed  fi  fit  n  numerus  aliquis  negativus,  hoc  eft,  fi  gravitas  propor- 
nalis  fit  inverfe  alicui  dignitati  diftantiae,  habebitur  C  A.  C  P  \  \  (  2p  ) 

1  1 

r~at 1  (  2 p-bnf — f  5  nunc  fi  /;<C  1,  fit  k  =  1  — n  ;  &  ha~ 


btbitur  CA,  C  P  ; :  (  )  k  .  ( 2  p  —  k/) k  5  &  fi  n  >  1,  fit 


n  —  1 
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n 


.  k  —  k. 

i  ~  k i  &  habebitur  C  A.  C  P: :  ( 2  p)  .  (  2  p  +  k/)  , 


k  k 

vel  C  A.  CP::  (  2  p  -+-  kf)  .  ( 2p) 


exiftente 


Infuper  invenimus  quod  n 

f 

1,  habetur  Log.  C  A  —  Log.  CP  =  — .  Ex  quibus 

2  p 

patet  nullam  efie  hypothefin  in  qua  diameter  aequatoris  non  fuperet  me¬ 
ridiani  diametrum. 

Sphseroidum  figura,  ut  Latis  apparet,  a  ratione,  quam  habet  vis 
centrifuga  ad  gravitatem,  dependet.  Nunc,  qualis  elfe  pofiit  in  qui- 
bufdam  hypothefibus  ifta  ratio,  videamus,  &:  quae  inde  figura  fphaero- 
idibus  eveniet. 

Si  gravitas  uniformis  lupponatur,  erit  n—o  &  habebitur  C  A.  C  P  : : 
2  p.  2 p — f.  Itaque  in  terra  ubi  vis  centrifuga  fub  aequatore  289am  gra¬ 
vitatis  partem  aequat,  fi  quseratur  ratio  quam  habet  diameter  aequato- 
ris  ad  axem  in  hypothefi  gravitatis  uniformis  (ponendo  289  pro  p, 
&  1  pro/J  habebitur  C  A.  C  P  : :  578,  577. 

Poffet  vis  centrifuga  aequari  gravitati,  quod  obtineret  fi  terrae  revo¬ 
lutio  diurna  1 7  vicibus  celerior  redderetur*,  &  tunc  haberetur  C  A. 
C  P  :  :  2.  1.  Sed  fi  revolutio  'magis  ac  magis  cita  fieret,  partes  fuc- 
ceffive  difii  parentur  donec  tandem  terra  ad  atomum  unicam  redigeretur. 
Ex  quo  patet  quod  in  hac  hypothefi  gravitatis  uniformis,  terra  circa 
polos  nunquam  poteft  effe  deprefilor  quam  fi  diameter  aquatoris  fit  du¬ 
plo  major  axe  revolutionis.  In  hoc  cafu  terra  conftaret  ex  duobus  pa- 
raboloidibus,  ficut  invenit  D.  Huygens  in  tratta&ii  de  caufa  gravitatis 
hac  hypothefi  particulari  quam  folam  examinavit. 

Si  gravitas  diftantiae  a  centro  proportionalis  ftatuatur,  erit  n—  i,  &: 
habebitur  C  A.  C  P  : :  v'  p  .  1/  ( p—f ).  Si  igitur  vis  centrifuga  gra¬ 
vitati  fieret  aequalis,  diameter  aequatoris  axe  revolutionis  fieret  infinite 
major-  Hoc  eft,  fphaerois  planum  tantum  circulare  foret.  Et  cum 
in  hac  hypothefi  vis  centrifuga  ad  gravitatem  omnes  pofiit  habere  rati¬ 
ones,  a  ratione  nulla,  ufque  ad  aequalitatis  rationem,  patet  aequatoris 
diametrum  ad  axem  revolutionis  omnes  has  rationes  habere  pofie  ;  & 
fphaeroidem  quse  in  hac  hypothefi  femper  eft  Ellipfois,  pofie  efie 
omnes  Ellipfoides  a  fphaera  ufque  ad  circulum.  Sed  in  hac  etiam  hy¬ 
pothefi,  vis  centrifuga  ultra  crefcere  nequit. 

Si  gravitas  quadrato  diftantiae  reciproce  proportionalis  ponatur, 
erit  n  =  —  2  *,  &  habebitur  C  A.  C  P  :  :  2  p~hf .  2  p.  Ex  quo  li¬ 
quet  in  hac  hypothefi  vim  centrifugam  femper  crefcere  pofie,  vel  quod 
eodem  redit,  motum  revolutionis  citiorem  femper  fieri  pofie,  nec  ta¬ 
men  fphaeroidis  partes  difii  parentur. 


Vol.  VI. 


X  x 


Scholion* 
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S'cholion.  Get  erum,  ex  his  omnibus  hypothefibus  nullam  quafiiii  natir- 
ra  revera  datam  hic  ufurpo:  fiquidem  interiores  corporum  partes  noiv 
grav itant  verfus  centrum  aliquod  unicum  juxta  proportionem  quamvis 
diftanriarum  ab  hoc  centro  in  corporibus  polito.  Attradio  partium  ex: 
forma  corporis  dependet,  ut  &  viciffim  forma  dependet  ex  attradione. 
Idcirco  omnes  hae  determinationes,  fiant  magis  mathematicae  quam  phy- 
ficae.  Unde  fit,  quod  D.  Newton  in  determinatione  axis  terrae  &  dia¬ 
metri  aequatoris  rationem  invenerit  diverfam  ab  Huygeniana  &  a  no- 
frris,  nempe  eam  quae  eft  inter  229  &  230.  Summus  vir  folutionerrr 
mere  geometricam  per  hypothefes  neglexit,  ut  naturae  magis  confenta- 
neam  daret. 

Proh.  II.  Pofito  quod  materia  Eu  ens  circa  axem  extra  fluentum  fium- 
tum,  attrahatur  verius  centrum  in  hoc  axe  pofitum  vi  alicui  diftantiae  a 
centro  dignitati  proportionali  j  dum  interea  propter  fluenti  partium  at» 
tradionem  mutuam,  fit  altera  attradio  verfus  afiud  centrum  intra  flur. 
entum  fumtum,  quae  in  quavis  fedione  fluenti  revolutionis  perpendicula- 
riter  per  centrum  exterius  fada,  fit  alicui  diftantiae  a  centro  interiori  dig¬ 
nitati  proportionalis:  invenire  figuram  quam  fluentum  induet* 
lig.  162.  Solutio.  Sit  ADP^i  QJi  fedio  fluenti  gyrantis  circa  axem  A  X  per 

planum  revolutioni  re  dium  quod  tranfit  per  centrum  y  fada.  Sit  y  cen¬ 
trum  virium  centripetarum  extra  fluentum  fumtum  ;  &  C  centrum  ver¬ 
fus  quod  partes  fluenti  attrahuntur  in  fed  i  on  e  fumtum. 

Ut  fluidi  partes  in  aequilibrio  maneant,  oportet  pondus  cujufque  co¬ 
lumns  C  D  tum  a  gravitate  verfus  y,  tum  verfus  C,  tum  a  vi  centri¬ 
fuga  ortum,  idem  ubique  maneat. 

Sit  ergo  gravitas  in  A  verfus  y,  data  &  —  tt,  gravitas  in  A  verfus 
C,  data  &  ~p,  &  vis  centrifuga  in  A,  etiam  data  &  —f  Sit  A  C 
—  a,  C  y  —  b,  c  g  —  r  *,  finus  ang.  DCP  =  &pro  radioli;  erit 
G  L  —  h  r,  &  ey  demiflfa  perpendiculari  y  R  in  radium  C  D  produc¬ 
tum,  erit  C  R  m  &  y  G  =  (per  1 2  m  Elem.  lib.  2.)  */  (  h  h  -f~ 
2  b  h  r  r  r.) 

Jam  cum  fit  gravitas  in  A  verfus  y  —  tt'  i  dicendo  tt.  or  ::  {a  ~r~  b) 

2.  m  , 

(b  b  +  2  b  h  r-f-  r  r2  habebitur  gravitas  in  G  feu  tt 

JL  m 

tt  {  b  b  "+■  2  b  hr  -f-  r  r  )  2 

(  a  +  b  )  m 

y  fj 

Et  ut  verfus  C  derivetur,  dicatur  tt.  tt  :  :  Gy.  GR,  vel 

~  m 

v  ( b  b  ~f-  2  b  h  r  +  r  r)  ■  h  i 

- - - — — - - 7r : :  (  b  b  -+~  2  b  h  r  -f-  r  r)  .  b  h  -f-  r  y 

— f~  b )  m 

unde 
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vmde  habetur  vis  ab  attra&ione  verfus  y,  derivata  verfus  C,  feu 

m«~i 

H  7t  (Jb  h  +  r  )  (b  b  *4-  2  b  h  r  -+-  r  r  )~* 

(  a b)m 

Habetur  infuper  (cum  gravitas  in  A  verfus  C,  fit  =  p)  gravitas 
p  r  n 

in  G  verfus  C  = - ;  Gravitas  ergo  tota  verfus  C  ex  gravitatibus 

an 

m— t 

x.  {b  h ) (b  b~\~ 2  bhr-\-rr) 

ambabus  verfus  y  &  C  orta  habebitur  — - - - - -  ■  ■■ 

(a  +  b) 

p  rrt 
4- —  ; 


an 

Nunc  cum  fit  vis  centrifuga  in  A,  =/;  dicendo/./': :  a~h  b.  b  + 

fib  4~  hr) 

h  r,  habetur  vis  centrifuga  in  G  feu  f— - —  *  &  ut  pars  iftius 

a  4-  b 

vis  quae  verfus  D  trahit  inveniatur*,  fiat  /./'::  G  H,  G  K,  vei 

f(b  +  br) 

_ "f: :  i .  h  j  unde  habetur  vis  gravitati  verfus  C  oppofita 

a~h  b 


feu  "f =■ 


fh  (  b~\~  h  r  ) 


a-\-b 


Vis  ergo  verfus  C  ex  omnibus  his  viribus  refultans,  erit 


m— -i 


x  \bh-\-r)  (b  b  4-  2  bhr  +  rr)  a  p  r  n  fh(b  +  hr) 

( a-\-b)m  an  a~h  b 

Concipiendo  ergo  ut  in  primo  problemate  columnam  C  D,  ex  in» 


finitis  cylindrulis  r  compofitam  habebitur 
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f  a  4~ 
quod  aequari  debet  ali¬ 
cui 
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cui  conflanti  poncleri.  Erit  ergo 


m*  i 

Tr(bb-h2bhrmhrr)  a 


—  !*■ 


m 


■ pr "t1  fbhr  fhhrr 


4-  i.  (a-bl ) 
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=  A. 


(n-\~  i).  an  a-hb  2.(a~t~b) 

Ut  corrigatur  haec  aequatio,  oportet  quando  hz=.  i,  efle  rzna-,  tunc 
n  (a~h  b)  p  a  fab  faa 

ergo  habetur-- — «— + - — — - =  A.  Et  aequa- 

m~b-  i  /H-i  a~hb  2  (a-\-b) 

mfi 

n(bb-\-2bhr-\-rr)  ~  prn  +1 
tio  coredta,  erit  - - — - ~f~  . . — 


fbhr 


fhhrr 


(m~\r  i),  {ci  4~  b)m 
•j  (a  4~  b)  p  ci  f  ab 

• - 4- -  —  - - 


ffl4-i)tfn  a~\rb 
faa 


2  (a-hb)  m~h  i  n~hi  a  ~h~  b  2  (a-\-b) 

Vel  fcribendo  c  pro  a  4-  &  q  pro  (m  4-  i)  x  (n  -h  i)  2  (n  4-  i) 

m  +  I 

n  aP-  (b  b-\- 2  bh  r r  r)  a  4-2  4-  i)^rmrntl  —  2  q  f  a* 

bcm~l  hr  —  qfan  rm~I  h  h  r  r  zz=.2  [n  4-  i )  ir  an  cm  t 1  -4-  2  ( m  -f-  1  > 
p  an^1  cm  —  2  qf  an  t 1  b  cm~~x  —  ^/^n  +  I  cm~~z. 

Patet,  in  omnibus  hypothefibus,  fedlionem  fluenti  eflfe  curvam  alge- 
braicam,  exceptis  tantum  hypothefibus  attradtionis  verfus  y  vel  verius 
C  in  ratione  fimplicis  diftantiae  inverfa  \  nam  fi  fit  tantum  m  —  —  1, 

habebitur  pro  fedtione  fluenti . 

•  *  *  ^  >  "  ** 

•5T  (a  "b*  b)  prnfr  fbhr  fhhrr 

_ _ _ _ E  (  b  b  4—  2  b  h  r  —h  r  r)  4——  - ■  —  —  - 

^  H-  1 .  a  4-  b  2  (a -{-  b^ 
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- - - - *  - - ...  vel.  — *  L 
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faa 
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Si  defi cieretur  aequatio  fedtionis  fluenti  per  coordinatas  redtangulas ; 
faciendo  C  E  —  .v  &  D  E  —  y  habebuntur  duae  aequationes  rr-xxd- 
yy  &c  hr  =y ,  quarum  ope  exterminabuntur  r  &  h  ex  aequationibus  fu- 
pra  inventis  j  &  habebitur  pro  caiu  generali,  2  (n  dr  i)  *  an  (b  b  dr 


m  t  i 


ill 


n+  i 
n 


/ 


2  byd-yyd-xx)  -4-  2  (m  +  i )  p  c  m  (x  x  d-  y  y)  —  2  qfa “■  b  c  m~1 
y _ qfancm~l  yyzri  (ndr  1  )  ^  a?  cm*ldr.2  (md-  1  )pan  +  1  cm — 

2  q  f  an  +  1  b  cm~~1  — qf  an^  1 

Et  eodem  modo  in  caflbus  m=-i3  »=—  i>  reperientur  aqua¬ 
tiones  per  coordinatas  redtangulas. 

Ut  curvam  P  A  Qjnvenimus,  ita  quoque  invenietur  curva  P  a 
mutatis  mutandis.  Nam  tunc  fi  fit  gravitas  in  a  verfus  y  data  &  z=^r, 
gravitas  in  a  verfus  C  —p,  vis  centrifuga  in  a  —  f ;  C  a  —  a.  C  y  = 
b,  C  g=r,  glzr.hr,  &ygzr\/  (bb  —  2b  h  rd~rr)  invenietur  gra¬ 
vitas  in  ?  verfus  C,  ab  attractione  verfus  y  orta,  ir  ~ 

®  m — 1 

n(bh — r)  (££ — 2  bhrdr  r  r)—' 


(  b  —  a) 


m 


Habetur  infuper  gravitas  in  g  verfus  C,  /?  = 


•p  rn 
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Sic  etiam  vis  centrifuge  pars  in  g  quce  trahit  verfus  C  invenietur/— 

f  b  (b  —  hr) 


h  —  a 

Sed  hae  pofteriores  vires  nunc  primae  opponuntur.  Habebitur  ergo 


_ — — - —  — f-  — — — ■  ~ — - ” - "~f~  - -  —f— 

(w  H-  i )  ciF  b  —  a  2  (b  —  a)  in  ~~E  i  n~i~i  ' 

fa  b  fa  a 


b  —  a  2  ( b  —  a) 

Et  in  cafibus  m  —  — -  i,  n  —  —  i,  invenientur  ut  fupra  aequationes 
fedtionum,  debitis  tantum  lignis  mutatis. 

Et  per  has  aequationes  radiales  invenientur  sequationes  ad  coordina- 
tas  ut  1  abtum  eft  pro  curva  P  A 

Et  cum  pondus  columnae  tam  in  fuperiori  quam  in  inferiori  curva 
debeat  idem  ede,  habebitur  aequatio  inter  pondus  A  in  curva  fuperio¬ 
ri,  &  pondus  in  A  inferiori,  ex  qua  determinabitur  C  a  pro  determi¬ 
nata  C  A,  &  fic  fedlio  fluenti  integra  determinabitur. 

.-Quaecunque  fit  hypothefls  gravitatis,  femper  pro  dato  angulo  DCP, 
radius  C  D  obtineri  potefl  datae  longitudinis,  &  fic  figura  fluenti  vel 
c  rallior  vel  tenuior  fiet,  &  quidem  modis  infinitis  ;  ponendo  in  aequa¬ 
tione  pro  b  &  r  valores  determinatos.  Sic  fieri  potefl  ut  pundla  P  & 
Qjroeant,  feribendo  o  pro  h  &  r  \  &  tunc  fedlio  fluenti  ex  duabus  ova¬ 
libus  figuris  in  C  junClis  conflabit.  Nam  infinitae  rationes  inter  *•,  p, 
& /  quae  ad  id  efficiendum  conveniunt,  obtinebuntur. 

Si  ex.  grat.  ultimum  hoc  defideretur,  nempe  ut  P  &  coeant  iu  C, 
habebitur  2  (;/4*i)  -x  +  1  —  2  f  »  +  i  )  w  1  -h-  2  (m  -h  i  ) 
pacm —  2  qf  a  b  —  qfa  Unde  eliciuntur  infinita  ratio¬ 

nes  inter  -r,  ■p)  &/. 

Si  ponatur  gravitas  tum  verfus  y,  tum  verfus  C  fimplici  diflantiae  a 
centro  proportionalis ;  fedti  fluenti  erit  conifedio.  Et  fi  tunc  defidere¬ 
tur  ut  pundta  P,  QJk  C  coeant,  figura  ex  duabus  Ellipfibus  in  C  junc- 
xis,  conflabit. 

Nunc  fi  diftantia  C  y  evanefeat,  vel  duo  centra  coeant ;  erit  b=o,  & 
e~a  v  &  fluentum  fiet  fphasrois. 

Si  infuper  ponatur  m-=z.n->  &  =  o,  aequatio  generalis  fedtionis  flu- 
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ersii  fiet  2  p  r"  + 1  —  (n  -t-  1)  fan~ '  h  h  r  r  =  (2  p — nf — f )  «'nfi.  Vel 

/  r\  fhhrr 

incafu»  =  — 1,  ipa'Li  —  )  — - -  —  fa,  ut  invenimus 

V  a  /  a 

in  primo  problemate  quod  eft  iftius  cafus  tantum  fpecialis. 

IV.  In  pervolvendo  Opere  Petri  Antonii  Michelotti ,  de  feparatione  Of  the  Motion 
fluidorum  in  corpore  animali,  qui  Venetiis  nuper  ad  nos  delatus  eft,  °f  running 
oluribus  in  locis  Diflertationem  meam  de  Motu  aquarum  fluenti*  f  ateni 
am,  in  Attis  Philofopb.  J\°  355.  ante  aliquot  annos  editam,  non  le-  r.  s.  Seer, 
viter  notatam  deprehendi.  Cum  autem  alia  ex  iis,  quae  reprehen-  N.  373. 
dit,  ex  minus  perfpedo  Difiertationis  mem  inftituto  profeda  videan-  P-  !79- 
tur  *,  alia  vero  ita  demonftrari  pofflnt,  ut  ipfum  ea  milii  non  difficulter 
conceffurum  putem  :  operae  pretium  erit,  li  primo  in  loco  Diftertatio- 
nes  meae  propofitum  &  confilium  paulo  luculentius  exponam  *,  quod 
cum  fecero,  ad  reliqua  deinceps  breviter  expendenda  progrediar. 

Principio  igitur  explicandum  eft,  quid  in  Diflertatione  ifta  intelli- 
gendum  velim,  per  Motum  Aqua  ex  imi  vafis  foramine  defluentis.  Eft 
enim  alius  Motus ,  five  quantitas  Motus ,  Aquas,  qum  ex  vale  per  fora¬ 
men  delabitur  •,  qui  Motus  eft  in  ratione  compofita,  ex  ratione  quanti¬ 
tatis  aqum  dato  quovis  tempore  effluentis  ex  foramine,  &:  ratione  velo¬ 
citatis,  quacum  effluit.  Alius  vero  eft  Motus  totius  aquas,  feu  Cata- 
radas  aqueas,  quas  intra  vas  verfus  foramen  defcendit,  &  mox  effiux- 
ura  eft.  Hic  eft  in  ratione  fummae  omnium  fadorum,  ex  lingulis 
aquas  particulis,.  Cataradam  conftituentibus,  dudis  in  velocitates  ea- 
rundem  refpedivas.  Quorum  Motuum  cum  alterum  faspe  pro  altero 
accipi  viderem,  animus  mihi  erat  pofteriorem  illum  in  praedida  Difler¬ 
tatione  illuftrare,  ad  calculum  revocare,  &  liquoribus  in  Animalium 
corpore  fluentibus  applicare. 

Hic  ergo  cum  femper  mihi  intelligeretur  per  Motum  Aqua  defluen¬ 
tis,  five  per  Motum  Aquarum  fluentium,  quod  ex  omnibus  meis  Pro- 
pofitionibus  luculenter  apparet,  jure  meo  dicere  poteram  Motum  hunc 
a  nemine  adhuc,  quod  f  cirem ,  fuiflfe  determination :  quippe  quem  nemo 
Mathematicorum,  quos  quidem  ego  viderim,  nec  etiam  verbo  tenus 
attigerit.  Quod  cum  ita  fit,  miror  profedo  non  animadverti  (Te  neque 
acutiffimum  Michelottum,  nec  etiam  fubtiliffimi  &  perfpicacifflmi  In¬ 
genii  Virum,  Johannem  Bernoullium,  me  in  illius  Diflertationis  Prooe¬ 
mio,  quod  toties  citat  &  tantopere  reprehendit  Michclottus,  ne  ver¬ 
bum  quidem  fcripfifle  de  velocitate,  quacum  aqua  effluit  ex  foramine,  , 
multo  minus  de  Bernoulliana  determinatione  illius  velocitatis.  Hoc 
fi  perfpexifiet  Vir  Cl.  noluiflet  fane,  pro  fu  a  humanitate,  tam  incle¬ 
menter  &  inique  mecum  agere,  ut  me  Bernoullianam  Demon  ft  rationem 
■extenuare  verbis  conari  *  diceret,  &  meram  effle  cavillationem  id,  quod 
Bernoullio  objiciam.  Quod  vero  fubjicit,  verba  ifta.  mea,  “  fieri  om- 
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u  nino  non  pofte,  ut  Motus  aliquis  cum  pondere  quiefcente  confera- 

tur,°  ne  umbram  quidem  habere  rationis  contra  Bernoullianam  De- 
monflrationem  pugnantis ,,  Irbens  agnofco,  quippe  qui, 'cum  ifta  fcri- 
berem,  tantum  de  Bernoullio,  quantum  de  Sinenfium  Imperatore  cogi¬ 
tabam.  Aio  autem  Lebtorem  quemvis  non  iniquum,  neque  praejudi¬ 
ciis  occupatum,  ne  umbram  quidem  verifimilitudmis  reperturum,  quod 
ifta  verba  ad  Bernoullianam  Demonftrationem  quicquam  pertineant , 
quibus  fcilicet  de  re  longe  diverfa  agatur,  nempe  de  quantitate  Motus 
totius  aquae  verius  foramen  contendentis.  Quoniam  vero  ita  penitus 
infedit  animo  Viri  Dobliftimi  illa  Qemonftratio,  eandem  in  illius  grati¬ 
am,  ubi  prius  meipfum  ab  reliquis  ejus  Animadverfionibus  vindicavero, 
ad  examen  revocare  decrevi. 

Ad  Motum  praediblum  definiendum  non  alio  nobis  opus  erat,  quam 
Theoremate  noftro  generali,  quod  tertio  loco  pofuimus :  fed  cum 
Curvae  Hyperbolicas  Newtonians:  proprietatem,  qua  Catarablam  a- 
quas  delcendentis  formation  indignam  cenferemus  contemplatione  Geo¬ 
metrarum,  voluimus  obiter  qumdam  de  Cata  radia  illa  praemittere. 
Hanc  autem  ex  Viri  Incomparabilis,  Prop.  36.  Lib .  2.  Frincip.  de- 
fumptam  proponebam,  non  ut  ex  Tripode  editam^  fed  evidentia  Mathe¬ 
matica,  omnibus  oraculis  certiore,  munitam. 

Quod  enim  Cataradla  talis  formari  debeat  ex  aqua  libere  delcendente, 
&  accelerata  in  modum  corporum  omnium  gravium,  quam  nulla  alia 
aqua  circumcingatur,  aperta  res  eft  *,  ut  patet  Newton i  Propofttionem 
attente  perlegenti.  Si  etiam  Cataradla  glacie  concava,  figuras  Cata- 
rablm  aqueae  adamuftim  congruente,  &:  propter  fummam  polituram 
nullam  refiftentiam  adferente  ambiatur  *,  ea  glaciem  ne  minima  quidem 
vi  premet,  fed  tanget  folum  liberrime  cadendo,  unde  nihil  mutabitur 
non  modo  in  figura,  fed  nec  etiam  in  velocitate  Cataraclas  defcenden- 
tis.  At  fi  circumpofita  Glacies  in  aquam  refolvatur,  neutiquam  jam 
opus  eft  tanto  Machinarum  &  Arietum  v ali diff  morum  apparatu,  quos 
magno  molimine  *  adduxerunt  tum  ipfe  Vir  Cl.  tum  etiam  Geometra 
Eximius,  Johannes  Bernoullius ,  adi  fragilem  noftram  Cat arafi am  con¬ 
fringendam  &  comminuendam  \  quippe  quam  ipfe  prius  New  tonus  hi  fee 
verbis,  f  Lique f cat  jam  glacies  in  raaf e  \  &c.  diffolverit  penitus  ac  dif- 
fipaverit.  Nullo  igitur  aut  Genio  nobis  opus  eft,  aut  Erythrcei  Maris 
Miraculo ,  ad  Catarablam  iftam  five  indicandam,  five  confervandam, 
quippe  qui  non  adeo  ufque  ftolidi  aut  infui  fi  fimus,  ut  confervatum  iri 
eam  fperemus  ab  omni  aqus  circumpofitas  communione  puram  &  illi¬ 
batam.  Ignofcat  autem  nobis,  pro  aequitate  fu  a,  Michelottus ,  quod, 
qum  Provident  i  fti  mus  Newtonus  de  glacie  ambiente,  &  eadem  poftea 
in  aquam  refoluta  fufius  tradiderit,  ea  nofmet  Leblorem  ex  ipfo  potius 
A  udiore  petere  voluerimus,  quam  ingrata  &  minime  nobis  necefiaria 
repetitione  detineri. 
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Non  diffitemur  fane  paulum  difcriminis,  utid  obiter  notemus,  inter 
cafum  a  Newiono  pofitum  &  noffrum  intereiTe.  Quem  enim  fingit  ille 
Cylindrum  glaciei,  velocitate  data  uniformi  defeendentem,  ac  iique- 
fcentem  &  in  aquam  converfum,  quam  primum  fuperficiem  attingit  a- 
quas  vafe  contentae,  in  eum  fcilitet  finem,  pt  vas  femper  aeque  plenum 
confervetur  ;  hunc  nos  omifimus,  &  ejus  loco  fuperficiem  aquae  infini¬ 
tam  pofuimus,  ut  ea  ratione  integrum  Solidum,  five  Cataractam  Ply- 
perbolicam  reprsefentaremus.  At  haec  pofitio  nihil  mutat  neque  in 
velocitate,  nec  in  Motu  aquas  decurrentis. 

Quod  autem  *  ait  Vir.  Cl.  me  fumer  e,  quod  e  ft  in  contentione ,  &  pau¬ 
lo  infra,  cejfare  igitur  quceftionem ,  totam  Demon ft  rationem  abire  in 

Hypotbefin ,  non  mehercule  intelligo,  quid  fibi  velit.  Mihi  enim,  in 
loco  citato,  nulla  movebatur  qusftio  de  velocitate  aquae  effluentis,  nec 
demonftrationem  ullam  de  ea  velocitate  adferebam,  fed  id  unum 
agebatur,  ut  ex  pofita  illa  velocitate  iEquationem  Curvas  Hyperboli- 
cte  Newtonianas  deducerem.  Velocitatem  nempe  aquae  effluentis  jam 
ante  determinaveram,  vel  etiam,  fi  placet,  fumpferam,  pofitis  fcilicet 
iis,  quas  a  Newtono  pofita  fuerant,  aquam  nempe  gravitatis  vi  libere 
cadere,  &  inter  cadendum  accelerari.  Hoc  autem  qui  fieri  poffet, 
prius  tradiderat  Newtonus  ponendo  aquam  per  glaciem  politlffimam 
ambientem,  vel  etiam  per  eandem  in  aquam  folutam,  fed  quietem 
adhuc  fervantem,  tanquam  per  infundibulum,  fine  ulla  refiftentia 
tranfire  ;  quod  in  eum  finem  ponebatur,  ut  fimplicior  &  magis  Mathe¬ 
matica  redderetur  Problematis  folutio. 

Libet  hic  loci,  propter  argumenti  affinitatem,  erroris  rncminhTc, 
cujus  Newtonum ,  Hugenium ,  Keillium  temere  nimis,  uti  nobis  videtur, 
ex  Bernoullianas  demonftrationis  fiducia  f  incufat  Micbelottus  *,  quod 
fcilicet  vim,  qua  totus  aquas  exilientis  Motus  generari  poteft,  aequalem 
ftatuerint  ponderi  Cylindricas  columnae  aquas,  cujus  bafis  eft  foramen, 
cujufque  altitudo  dupla  eft  altitudinis  aquas  vafc  contentas.  Hanc  pau¬ 
cis  admodum  verbis,  nec  tamen  idcirco  minus  perfpicue,  demonft ra¬ 
vit  Newtonus  in  Corollario  fecundo  Propofitionis  fupradidtee.  Potuif- 
fet  alia  quoque  deduci  demonftratio  ex  contemplatione  Cataractae  inte¬ 
gras  Hyperbolicas,  quas  huic  Cylindro  asqualis  eft,  cujufque  pondus 
totum  in  aquas  defcenfum  impenditur  :  fed  hac  minime  opus  eft,  cum 
idem  ex  ipfa  Propofitione  Bernoulliana,  quam  toties  laudat,  ac  tam 
vehementer  defendit  Micbelottus ,  apertiffime  fequatur.  Id  nullo  ne¬ 
gotio  animadvertet  Vir  Dotti/fimus,  fi  fepofua  parumper  Columnas 
foramini  incumbentis  confideratione,  calculo  inftituto,  e,x  mole  aquas 
dato  quovis  tempore  ex  foramine  effluentis,  &  ex  velocitate,  qua  cum 
aquam  effluere  ftatuit  Bernoullius ,  ejus  aquas  Motum  determinare  volu- 
er it,  &  deinde  pondus  invenire,  quod  eodem  dato  temporis  fpatio,  li¬ 
bere  cadendo  gravitatis  vi,  eandem  Motus  quantitatem  generare  poffit. 
Hoc  autem  pondus  reperiet  ponderi  duplas  Columnas  aquae. foramini 
infiftentis  asquale,  prorlus  uti  definivit  Newtonus  in  Corollario  prasdic- 
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to.  Idem  vero  pondus,  alteri  Librae  Radio  appenfum,  ab  impetu  a- 
quseV  cum  primum  ex  foramine  effluit,  continuato  rivo  in  alterum  Li¬ 
brae  aequalem  Radium  impingentis,  atque  ftatim  poft  impulfum  dela- 
bentis,  in  quiete  fuftinebitur  ;  quod  pofito  calculo  facile  patebit. 

Videor  mihi  non  malam  gratiam  a  Michelotto ,  initurus,  fi  altero 
infuper  *  praejudicio,  quo  &  alios  plures  teneri  video,  ipfum  liberave¬ 
ro.  Newtomis ,  Prop.  37.  Lib.  2.  Princip.  primes  editionis ,  aquam 

demon  liravit  ex  foramine  in  fundo  vafis  ea  cum  velocitate  erumpere, 
qua  adurgere  poffit  ad  dimidiam  altitudinem  aqu  in  vafe  exiftentis. 
Demonftrandi  rationem  nemo  refellit  ;  conclufionem  plures  redarguunt. 
Experientia,  inquiunt,  contradicit,  qua  deprehenditur  aqua  exiliens  ad 
totam  altitudinem  adurgere  :  quin  etiam  Newtomis  ipfe  in  Problema¬ 
tis  ejufdem  folutione,  Prop .  36.  Lib.  2.  editionis  fecundes,  eam  tribuit 
aqu  se  velocitatem,  qua  ad  totam  altitudinem  profilire  pofflt  *,  adeoque 
ipfe  fibi  contradicere  videtur.  Atqui  fi  res  ifta  accuratius  &  cum  ju¬ 
dicio  perpendatur,  reperietur  primae  folutioni  Newtoniance  &  cum  fe¬ 
cunda,  &  cum  experientia  ipsa,  optime  convenire.  Nam  infecunda 
folutione,  aquae  venam  exilientem,  ad  parvam  a  foramine  diftantiam 
contradliorem  diametro  ftatuit  Vir  Perfpicacijfimus ,  quarn  in  ipfo  fo¬ 
ramine,  in  ratione  21  ad  25.  Eft  itaque  fedlio  vents  in  ea  diftantia, 
ad  foramen  ipfum,  ut  21  x  2iJ  ad  25  x  25,  h.  e.  ut  1  ad  1/  2  proxime. 
Cumque  eadem  aquae  quantitas,  five  per  foraminis,  five  per  venae  con¬ 
tradite  feUfonem,  dato  tempore  perfluat,  &  proinde  velocitates  aquae 
in  iis  fectionibus  fint  in  ratione  ipfarum  fedlionum  reciproca  ;  erit  ve¬ 
locitas  in  foramine  ad  velocitatem  venae  contradite,  ut  1,  ad  i/  2  ;  pro¬ 
inde,  fi  ea  fit  velocitas  venae  contradis,  qua  aqua  profiliatad  integram 
altitudinem  aquse  in  vafe,  non  major  erit  aqus  velocitas  in  ipfo  fora¬ 
mine,  quam  qua  ad  dimidiam  altitudinem  deferatur.  Confentiunt  ita¬ 
que  inter  fe  hae  duae  folutiones  ;  &  experientia  porro  cum  iifdem  con- 
fentire  deprehenditut.  Nam  fi  per  alterutram  earum  folutionum,  ex 
definita  velocitate,  qua  aqua,  five  per  foramen,  five  per  venam  con- 
tradtam,  tranfire  ftatuitur,  calculo  inftituto  inveniatur  quantitas  aquae 
efflux  urse  j  reperietur  eadem  cum  quantitate  aqu  se,  quae  per  experi¬ 
menta  effluere  deprehenditur,  proxime  convenire. .  Certe  experimen¬ 
tum  ab  ipfo  Newtono  fumptum,  adhibito  foramine,  cujus  diameter 
erat  quinque  octavarum  digiti  partium,  huic  calculo  refpondit ;  ut  eti¬ 
am  alia  plura  experimenta  minoribus  diametris  Londini  fadta,  quibus 
ipfe  cum  pluribus  Regise  Societatis  Sodalibus,  ante  aliquot  annos  ope¬ 
ram  dedi.  Abludunt  quidem  aliquantum  f  Poleni  experimenta,  fed 
tamen  minorem  aquae  quantitatem  exhibent,  quam  fecundum  hunc  cal¬ 
culum,  nunquam  majorem,  forte  quod  anguftiora  fuerint  vafa  pro  ra¬ 
tione  amplitudinis  foraminum. 

Su  pe  reft  adhuc  nobis  confideranda  J  Animadverfio  una,  five  potius 
Scrupulus  Viri  Ci.  ex  conatus,  quod  in  Coroll.  1 7.  Theorem.  3.  Difter- 
tationis  prasdidtae  majorem  ftatuimus  Motum ,  five  Impetum ,  fanguinis 
in  Arteriis  omnibus  capillaribus  fimul  fumptis,  quam  in  ipsa  Aorta. 

*  Pag-  ii 3.  f  de  Caftellis.  %  Pag.  101,  102. 


Hoc 


345 


Motion  of  running  Waters. 

Hoc  ut  explicet  ille  nefcio  quam  Hypothefm  nobis  affingit,  de  majore 
fanguinis  denfitate  in  capillaribus  Arteriis,  quam  in  Aorta.  Nos  vero 
nullam  ejufmodi  conditionem  pofuimus,  fed  Corollarium  deduximus  ex 
Theoremate  praecedente,  in  quo  agitur  de  Motu  aquae  per  Canalem 
plenum  quemcunq;  fluentis:  unde  patet  fanguinem  non  aliter  confide- 
rari  in  noltris  Corollariis,  quam  quatenus  fluidus  eft  &  aquam  aemula¬ 
tur.  Sed  patet  inde  provenire  Scrupulum  Viri  Cl.  quod  perianguinis 
Impetum  intelligat,  quantitatem  Motus  ejus  e jf e 51  am  ex  multiplicatione  ve¬ 
locitatis  per  mafflam  dato  tempore  transfluentem .  Atqui  hic  longe  alius  eft 
ac  nofter  fanguinis  Motus ,  five  Impetus ,  quippe  qui  in  ifto  Theoremate 
ce  qualis  ftatuitur  Motui  molis  aquce ,  quce  dato  quovis  tempore  effluit  ex 
Canali ,  cujufque  ea  fit  velocitas ,  qua  percurratur  eodem  dato  tempore  /pa¬ 
tiam  aquale  longitudini  Canalis.  Facile  autem  ex  hoc  Theoremate  fluit 
Corollarium  praedictum,  quippe  cum  dato  tempore  transfluat  eadem 
fanguinis  moles  per  Aortam  &  per  Arterias  capillares,  major  autem  fit 
Canalis  longitudo  ex  Aorta  &  Arteriis  capillaribus  compofiti,  quam 
Aortae  folius.  Hoc  eo  libentius  notavi,  quod  videam  non  folum  Mi- 
chelottum ,  fed  alios  etiam  fcriptores  Mathematicos,  pluribus  in  locis, 
ubi  agitur  de  potentiis,  quae  liquorem  per  Canales  eodem  plenos  aut  in 
motum  impellunt,  aut  effluentem  fiftunt,  nihil  aliud  confiderare  praeter 
molem  &  velocitatem  fluidi  effluentis *,  quum  debuiflet  etiam  longitu¬ 
dinis  ipforum  Canalium  ratio  haberi^  Nam  caeteris  paribus,  eo  diffi¬ 
cilius  vel  expellitur  fluidum  ex  pleno  Canali,  vel  ineffluxu  fiftitur,  quo 
Canalis  longior  fuerit  *,  quippe  quum  tota  moles  fluidi  Canale  contenti 
in  motum  concitandus  fit,  priufquam  ulla  pars  ejufdem  effluere  poffit 
cx  orificio  *,  ficuti  etiam  tota  eadem  moles  necelfario  fiflenda  efl:,  fi 
exitum  parti  jamjam  effluxurae  prohibere  volueris. 

Accedo  jam  ad  expendendam  Demonftrationem  de  velocitate  aquae 
ex  foramine  vafis  pleni  effluentis.  In  quem  finem  legi  diligenter  ac 
relegi,  tum  quae  protulit  Michelottus  de  *  principiis  illius  Demonftra- 
tionis,  tum  ipfam  Demonftrationem  ab  Hermanno  communicatam  in 
Attis  Lipfienfibusi  Anni  1716.  Quae  quamvis  nulla  ex  parte  mihi  fa- 
tisfaciat,  tamen  cum  imbecillitatis  meae  confcius  longe  facilius  accidere 
poflfe  fentiam,  ut  ipfe  a  vero  aberrem,  quam  ut  Virum  nobiliffimis 
inventis  clarum,  &  acerrimo,  fi  quis  alius  ingenio  pollentem,  erroris 
alicujus  redarguam  *,  cundtanter  idcirco  &  dubitantius  proponam,  quid 
in  illa  Demonftratione  minus  firmum  mihi  videatur. 

<c  Fundamentum  Demonftrationis  (fcribit  Vir  Cl.)  in  hoc  confiflit, 
“  ut  confideretur  guttula  liquoris  infima,  &  foramini  vafis  immediate 
“  incumbens,  tanquam  prefia,  vel  (ut  ego  vocoj  animata  a  gravitate 
“  quadam  acceleratrice  quaefe  habet  ad  gravitatem  naturalem,  ut  alti- 
<c  tudo  aquae  vel  liquoris  totius  foramini  vafis  incumbentis  adaltitudi- 
cc  nem  guttulae,  fcilicet  ut  pondus  abfolutum  columnae  aquae  foramini 
“  infiftentis  ad  pondus  abfolutum  guttulae  *,  Sic  quippe  nihil  aliud  re- 
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flat,  quam  ut  qusratur  quantam  velocitatem  acquirere  poffit guttu¬ 
la  animata  ab  illa  gravitate  majori  quando  cadit  per  lineolam  fuse 
altitudini  squalem,  hoc  efb,  poftquam  tota  exierit  per  foramen  ; 
tam  diu  enim  premitur  a  tota  columna  aquea,  adeoque  animatur  a 
gravitate  majore  quamdiu  aliquid  de  guttula  (quam  ut  columellam 
lolidam  concipio)  fupra  foramen  exiit  it.” 

Pofito  hoc  fundamento  pergit  ad  Demonftrationem  fuam  concinnan¬ 
dam  :  nobis  vero  fufpefta  e  It  ipfius  fundamenti  firmitudo.  Ut  id 
quo  jure  fiat,  videatur,  ita,  fi  placet,  procedamus. 

Quoniam  nulla  alia  re  utitur  Bernoulhus ,  ad  animandam,  ut  vocat, 
guttulam  infimam  gravitate  praedidta  acceleratrice,  mfi  fola  preffione, 
live  pondere,  columnae  aqueae  foramini  infigentis  •,  congelari  ponatur 
omnis  aqua  columnam  illam  ambiens,  &  columna  aquea’  per  politiffi- 
mam  glaciem  fine  omni  refiflentia  labi  concipiatur.  His  politis,  quam- 
diu  foramen  claufum  tenetur,  urgebitur  fane  guttula  foramini  proxima 
toto  pondere  columnae  aquae  incumbentis,  prorfus  uti  flatuit  Bernoul- 
lias. 

Referetur  jam  foramen,  &  permittatur  liber  exitus  aquae  effluxurae. 
Quid  deinde  futurum  cenfes  ?  Num  urgebitur,  vel  animabitur  guttula 
infima  gravitati  acceleratrice ,  qua.  fe  habet  ad  gravitatem  naturalem ,  ut 
altitudo  aquae  tetius  foramini  incumbentis ,  ad  altitudinem  guttulae  ?  Mini¬ 
me  vero  i  fed. urgebitur  fola  gravitate  fua  acceleratrice  naturali.  Nam 
quam  primum  guttula  infima  moveri  deorfum  incipit,  etiam  velocitate, 
fi  placet,  infinite  parva,  non  amplius  utique  urgebitur  a  pondere  Co¬ 
lumns  aqueae  infiftentis.  Fieri  enim  non  poteft,  ut  Columna  aquea 
guttulam  fubjedlam  premat,  nifi  ab  illa  guttula  impediatur  in  defcenfu. 
Ncn  autem  impeditur,  quia  non  conatur  velocius  defeendere,  quam, 
infima  guttula  gravitate  fua  deorfum  fertur  ;  fed  columna  &  gutta  pari 
pafiu  deieendunt,  adeo  ut  gutta  neque  columnam  defertura  fit,  nec  ab 
eadem  ullam  vim  aut  prefiionem  fit  pallui  a. 

Cedit  itaque,  ni  fallor,  &  fatifeit  Bernoullianae  Demonftrationis  Fun¬ 
damentum  :  led  circumfpicienti  mihi,  quidnam  potiflimum  tanto  Viro 
occafionem  dederit  a  vero  aberrandi,  id  praecipue  occurrit,  quod  fci- 
licet  minus  animum  intenderit  ad  diferimen,  quod  e  ft  inter  corpus 
preffum  a  pondere  incumbente,  quum  pondus  iflud  non  nifi  a  naturali 
Gravitatis  vi  acceleratrice  urgetur,  &  corpus  impulfum,  five  animatum 
(quoniam  ifto  verbo  uti  voluit,)  a  Gravitatis  vi  acceleratrice  praeter  na,- 
•ruram  au  fla.  In  cafu  pofleriore  defeendet  corpus  majore  velocitate, 
quam  quae  ex  Gravitate  naturali  profreifei  queat,  prorfus  ex  lententia 
Bernoullii:  at  in  priore,  utut  corpus  prefium,  dum  quiefeit,  urgeatur 
a  pondere  incumbente,  tamen  ubi  primum  defeendere  incipiet,  eadem 
prorfus  velocitate  defeendet,  ac  ii  prius  nullo  pondere  incumbente  p ref¬ 
ill  m  fu  i  flet. 

Nefcio  an  opers  pretium  fit,  rem  per  fe  fatis  claram  exemplo  illuf- 
trare. 

Quiefcere  ponatur  in  mensa  columna  folida  ex  centum  Aureis  fibi 
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invicem  impolitis  confebta,  &  .urgeatur,  ur  fit,-  Aureus  infimus  pon¬ 
dere  Aureorum  incumbentium.  Si  fiatjim  foramen  in  mensa  fubter 
Aureos,  ut  labi  finatur  Aureus  infimus :  quamprimum  i  ft  e  Aureus  de- 
fcendere  incipiet,  liberabitur  (fatim  ab  Aureorum  incumbentium  pon¬ 
dere,  &  eadem  velocitate  defcendet  tum  Aureus  infimus,  tum  reliqui 
omnes,  ac  fi  folus  ille  Aureus  in  mensa  conftitutus  fuifiet. 

Mitto  dicere,  quod,  fi  quis  ex  velocitate,  quacum  aqua  fecundum 
Bernoullii  placita  ex  foramine  egreditur,  &  ex  determinata  peream  ve¬ 
locitatem  mole  aquas  dato  quovis  tempore  effluentis,  Motum  ejufdem, 
ut  fupra  monui,  definire  voluerit,  eundem  duplo  majorem. reperturus 
Ut.  quam  qui  ex  pondere  Columnte  aquea?  foramini  in  fidentis,  eodem 
tempore,  Gravitatis  vi  generari  queat.  Profebto  videntur  i  ft  a  milii 
tantam  veri  fpeciem  prae  le  ferre,  ut  multum  debiturus  fim  five  Miche- 
lotto ,  five  ipfii  Demonff  ration  is  Aubtori,  fi  me  aliquid  rebtius  docere 
dignabitur. 

Liceat  interim  ipfis,  fequentia  duo  Experimenta,  ad  controverfiam 
iilam  certius  dijudicandam,  vel  de  novo  inftituenda,  vel  laltem  diligen¬ 
ter  expendenda  commendare.  Alterum  Newtonianum ,  pag.  305.  Prin- 
cip.  fecund  Ed.  deferiptum  ;  ut  inveniatur  ex  mole  aquas  dato  temporis 
fpatio  effluentis,  velocitas,  quacum  tranfit  per  ipfum  foramen  :  alterum 
CL  Mariotti ,  Libro  Du  Mouv  ement  des  Eanx ,  Part ■  2.  Life.  3.  Regi.  1. 
quod  tubo  Cylindrico,  utrinque  aperto,  parte  inferiore  furfum  reilexo, 

&;  aqua  pleno  fumptutn  eft  ;  unde  facile  aeftimari  point,  utrum  guttu¬ 
las  primas  aquas  effluentis  ad  tantam  altitudinem  profiliant,  quantam 
requirit  Bernoitlliana  Demonftratio. 


V.  Having  found  by  feveral  Experiments  in  fmall,  that  thro*  a  Concerning  the 
long  Pipe,  Water  would  not  be  difeharged  in  the  fame  Qufcn-  ^fnninf 
tity  by  a  great  deal,  as  it  would  be  thro’  a  (horter  of  the  fame  Bore,  By'tbeR^'^' 
the  Orifice  being  at  the  fame  Depth  under  the  Surface  of  the  Water  j.  t.  Dekgu- 
in  a  Ref  rvoir  :  I  made  an  Experiment  upon  a  Pipe  above  1000  Yards  Jiers  L.  L.  b. 
in  Length)  and  of  Q  Inch  Bore,  and  found  that  the  Quantity  of  Wa-  s* 
ter  given  was  much  lefs  (I  think  ff  lefs)  than  it  ought  to  have  been  *  ' 
according  to  M  ' Mariotte' s  Rules ;  and  that  fomething  more  than  the  1 
F ribbon,  on  account  of  the  Length  of  the  Pipe,  had  retarded  the 
Water  j  which  I  found  fince  to  be  Air  confined  in  the  eminent  Parts 
of  the  Pipe. 
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Considering  this  Matter  again  lately,  I  made  the  following  Experi-  Fig.  163. 
menr.  A  is  a  Veflel  containing  a  Cubic  Foot  in  the  Infide,  and  al¬ 
ways  kept  full  by  means  o  fi  the  Pipe  B  running  from  a  larger  Veflel. 

CD,  is  a  Hi  or  t  Pips  of  ^  of  an  Inch  Bore,  two  Foot  in  length,  o- 
pening  into  the  Bottom  of  the  Ciftcrn  A,  and  whole  Orifice  D  is  al¬ 
ways  10  Inches  below  the  Bottom  of  A. 

OGEEEHF,  is  another  Pipe  of  the  fame  Bore,  whofe  Orifice 
F  is  likewife  10  Inches  below  the  Bottom  of  A.  This  Pipe  is  1 13 
Yards  long,  lying  along  the  Ground  five  Foot  below  A,  except  the 
depending  Part  O  G,  and  the  afeending  Part  H  F.  "When 


Fig.  164. 


Fig.  165; 


Running  of  W ater  in  Pipes . 

When  F  is  flopped,  and  (A  being  kept  full)  the  Water  runs  out  at 
D,  the  Quantity  of  Water  given  is  19  Times  more  than  when  D  is 
hopped,  and  the  Water  runs  out  at  F. 

The  Air  confined  in  feveral  Parts  of  the  long  Pipe,  is  the  chief  Rea- 

fon  of  this  Difference 

In  order  to  get  rid  of  the  Air,  which  lodging  in  the  Pipe,  contra&s 
its  Bore,  and  thereby  leffens  the  Quantity  of  Water,  which  is  to  be 
delivered  at  the  Iffue,  I  made  feveral  Experiments  to  find  where¬ 
abouts  the  Air  does  lodge,  the  more  eafily  to  let  it  out  *,  one  of  which 

was  as  follows. 

I  took  a  Glafs  Pipe  as  A  B,  of  about  one  Inch  in  Diameter,  12 
Foot  in  length  from  P  to  P  *,  only  the  Parts  A  P  and  P  B  at  the  other 
End,  were  of  Lead.  Then  pouring  in  Water  at  A,  till  it  came  up 
to  B  ( hopping  the  End  G)  the  Air  lodged  in  the  eminent  Parts  of  the 
Pipe  at  the  Places  marked  C  C,  D  D,  and  E  E  :  But  when  the  Water 
was  fuffered  to  go  out  at  G,  the  Air  came  forward  towards  G,  and 
took  up  the  Spaces  a,  dd,  and  e  e,  contradling  the  Bore  of  the  Pipe 
as  before,  but  flood  forwarder  in  the  Pipe,  fo  that  it  generally  hap¬ 
pened  that  the  Space  of  Air  began  upon  the  upper  Part  of  the  Emi¬ 
nence  of  the  Pipe. 

N.  B.  The  Glafs  Pipe  may  be  made  of  feveral  Pieces  joined  to  each 
other, and  to  the  Leaden  Pipes  and  Funnels, by  Brafs  Ferrils  andElbows, 
turning  in  all  manner  of  Angles.  Thefe  are  not  reprefented  here. 

If  the  Velocity  of  the  Water  is  very  great,  the  Air  will  go  even  be¬ 
yond  the  Eminence  of  the  Pipe. 

To  let  out  the  Air  from  the  Conduct  Pipes,  which  obflrudls  the 
Running  of  the  Water,  I  recommend  the  Experiments  which  I  made, 
and  the  Apparatus  which  I  applied  to  a  Wooden  Condudl  Pipe  of  nine 
Inches  Bore,  which  runs  a  Mile  and  a  half  from  the  Water  Engine  at 
York- Buildings  to  a  Refervoir  near  Cdv endijh -Square  ;  the  Surface  of 
the  Water  in  the  Ciflern  at  the  WTater-houfe  being  fometimes  15,  and 
fometimes  20  Foot  above  the  Iffue  at  the  Refervoir. 

Upon  a  Part  of  the  Pipe,  fuch  as  AB,  I  fixed  a  Leaden  Pipe  D F 
of  2  Inches  in  the  Bore,  by  means  of  3  Ferrils,  or  fhort  Communica¬ 
tion-Pipes  *,  the  firfl  at  D,  juft  beyond  the  Beginning  of  the  Space 
CC,  that  ufed  to  be  filled  with  Air  in  the  running  of  the  Water,  tffe 
Second  in  the  Middle  of  the  Leaden  Pipe,  and  the  Third  at  the  End 
of  it  •,  the  Length  of  the  Pipe  itfelf  being  from  12  to  24  Feet,  accord¬ 
ing  to  the  Steepnefs  of  the  Defcent,  the  fhortefl  Pipe  being  fufficient 
where  the  Defcent  is  very  quick.  From  the  Middle  of  the  Leaden  Pipe 
above-mentioned  (called  a  Rider,  from  its  being  laid  along  on  the  Main 
or  Conduct  Pipe)  there  goes  another  Leaden  Pipe  as  E  H,  of  the  fame 
Diameter,  rifing  all  the  Way  very  gently  from  E  to  the  Cock  H,  and 
fo  on  to  I ;  becaufe,  if  there  was  the  leaft  Defcent,  Water  would  lodge 
in  it. 

Now, 


349 


Running  of  Water  in  Pipes. 

Now,  when  the  Water  runs  from  A  to  B,  the  firft  FerriJ  D  will 
catch  the  Air  as  it  runs,  fo  as  to  let  it  out  at  I,  if  the  Cock  H  be  open, 
fometimes  without  going  to  G  or  to  C.  But  if  the  Cock  had  not  been 
opened,  till  the  Water  had  pafied  thro’  the  Part  A  B  of  the  Pipe, 
the  Air  would  lodge  in  the  Space  CC,  and  be  difcharged  upon  the  Ca¬ 
poning  of  the  Cock.  After  the  Cock  has  been  (hut,  when  no  more 
Air  comes,  and  Water  fucceeds,  after  fome  time.  Air  will  extricate 
itfelf  out  of  the  Water  and  come  up  to  CC  ;  or  if  it  comes  from  the 
Parts  of  the  Pipe  towards  B,  it  will  rife  contrary  to  the  Current  of  the 
Water  quite  up  to  C,  and  fo  go  out  at  the  Pipe  £  H,  when  the  Cock 
is  opened  again. 

As  after  the  firft  Difcharge  of  the  Air,  it  cannot  be  known  when 
more  Air  is  got  into  the  Pipe,  unlefs  by  opening  the  Cock,  which  would 
require  one  Man  to  attend  each  Cock  conftantly,  and  occafion  a  Wafle 
of  Water  at  every  Turn  of  the  Cock,  unlefs  when  Air  happens  to  be 
in  the  Pipe  ;  it  was  propofed  to  contrive  a  Valve  thatfhouid  open  to 
let  out  the  Air,  and  fnut  again  when  the  Water  came-,  and  an  invert¬ 
ed  Brafs  Clack  or  Valve  /hutting  upwards,  and  falling  down  by  its 
own  Weight,  with  Cork  fixed  to  the  Under-fide  of  it  to  help  it  to 
rife  when  the  Water  came,  was  mentioned  as  fit  for  the  Purpofe  by 
fome  of  the  Perfons  that  I  was  talking  with  about  it.  But  we  rejedled 
that  Propofal ;  becaufe,  when  fuch  a  Valve  has  been  fhut  fome  time, 
if  Air  fhould  extricate  itfelf  from  the  Water,  it  would  be  denfe  Air, 
whofe  Force  being  equal  to  that  of  a  Pillar  of  Water  30,  60,  So  or 
more  Feet  in  Fleight,  it  would  keep  the  Valve  fhut  as  well  as  the  Water 
did  before,  tho’  the  Air  at  firft  could  not  fhut  the  faid  Valve. 

At  laft,  after  feveral  Thoughts,  we  contrived  a  Machine  which 
exadliy  anfwers  the  Purpofe,  and  is  very  fimple  }  therefore  it  will  be 
of  general  Ufe. 

The  Defcription  of  it  is  as  follows- 

G  is  a  Se<5lion  of  the  Main  or  Condudt  Pipe,  with  Water  up  to  G,  Fig.  166. 
and  Air  above  it,  A  B  being  a  horizontal  Line  touching  the  Top  of 
the  faid  Pipe  :  E  H I  is  the  Leaden  Pipe  defcribed  above,  and  mark’d 
with  the  fame  Letters  as  in  Fig.  165,  reaching  from  the  Pipe  in  the 
Street  to  the  Side  of  a  Lloule,  or  to  the  Side  of  one  of  the  Pods  that 
are  fet  up  to  keep  ofi  Coaches  from  the  Foot-way.  The  Machine 
is  the  Box  K  made  of  Caft-Iron,  fixed  to  the  Leaden  Pipe  at  I,  with 
a  thin  Door  of  Plate-Iron,  moving  on  Hinges,  and  made  to  lock  at  D. 

This  Box  {lands  in  the  Street  out  of  the  Way  of  Paffengers,  with 
its  Bottom  fixed  to  a  Plank  in  the  Pavement,  fo  as  not  to  be  damaged 
by  a  frnall  Shock  or  any  chance  Blow. 

The  feveral  Parts  of  the  Machine  are  the  following. 

NN  is  an  Iron  Plate  about  an  Inch  thick,  with  4  Holes  at  Fie.  16-7 . 
1,  2,  3,  4,  of  about  an  Inch  Diameter,  quite  thro’  the  Plate,  to  let 
thro*  4  Screws,  fuch  as  a ;  OO  is  a  Face,  or  flat  King  raifed  out  of 
the  whole  Stuff,  and  prominent  about  4  of  an  Inch,  ground,  or  turn¬ 
ed 
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eel  to  a  true.  Flat.  5.  Is  a  Hole  of  about  1  ~  Inch  Diameter,  to  re- 
ce.ive  the  Nofe  of  a  Cock,  which  is  put  thro’  it,  flopping  with  a 
Shoulder  or  Flaunch  fere  wed  within  the  Circle  O  O  by  4  other  Screws 
marked  with  large  Points  round  the  Hole  5. 

N  N  is  the  fame  Plate  feen  Edge- wife. 

M  is  the  Air-Cock  fere  wed  to  the  faid  Plate  thro’  the  Flaunch  of  its 
Pipe  at  mn,  having  its  Key  6,  10,  fattened  to  a  Rod  of  about  ~  an  Inch 
Diameter  of  the  Figure  6,  7,  8,  10,  having  a  Shank  one  Foot  long, 
8,  9,  joined  to  a  Buoy  or  hollow  Copper  Ball  L,  which  Ball,  when 
the  faid  Shank  is  in  a  horizontal  Situation,  keeps  the  Cock  fliut  ;  but 
falling  by  its  own  Weight,  when  not  fuftained  by  the  Water,  opens 
the  Cock  by  means  of  the  Rod  8,  9,  as  may  be  feen  in  Figure  169, 
where  the  Plate  N  N  is  ferewed  to  the  Box,  and  the  pricked  Line 
M  L  fhews  the  Surface  of  the  Water  coming  into  the  Box  thro’  the 
great  Cock  and  Leaden  Pipe  II  I,  fo  as  to  make  the  Ball  L  float  with 
its  Shank  in  the  horizontal  Situation  8,9;  but  when  more  Air  comes 
in  to  drive  the  Water  down  the  Pipe  I,  the  Buoy  will  fall  to  /,  and  its 
Shank  coming  down  to  10,  11,  will  open  the  Air-Cock  M,  and  let 
out  the  Air  (be  its  Denfity  what  it  will)  till  it  be  all  difeharged,  and 
the  Water  is  again  got  up  to  M  L,  and  has  raifed  up  the  Buoy  to  L. 

■  N  N  is  the  Fore-part  of  the  Box  with  its  Hole,  to  which  the  Plate 
of  Fig.  167  is  ferewed.  . 

It  is  eafily  conceived,  that  the  Cock  H  mutt:  always  be  left  open  ; 
that  the  End  of  the  Pipe  I  is  ferewed  to  a  Hole  in  the  Bottom  of  the 
Box  by  means  of  Screws  at  r  r  ;  that  there  are  oiled  Leathers  at  the 
Pleads  of  all  the  Screws,  and  likewife  upon  the  Plate  N  N,  to  make 
the  Face  O  O  of  Fig.  167  apply  itfelf  clofe  to  the  Fore-part  of  the 
Box  K,  which  has  a  Hole  at  O  O  to  take  in  the  Buoy  and  Cock  of 
Figure  168,  the  Screws  at  1,  2. ‘3,  4,  which  have  their  Heads  within 
the  Box,  and  their  Nuts  fuchas  b  Fig.  1 67  ferewed  on,  when  the  Plate 
N  N  is  apply’d  ;  and  that  the  whole  Box,  thus  fitted  is  made  Air-tight. 

D  in  Figure  166,  and  D  D  in  Fig.  169,  reprefent  an  Iron  Door, 
to  cover  the  Mouth  of  the  Air-Cock  from  external  Injury,  and  is 
punched  full  of  Holes  to  let  out  the  Air  freely. 

VI.  In  No.  349.  of  the  Philofofhical  TranfaVlio ns,  I  did,  as  I  fup- 
pofe,  fufficiently  explain  the  Method  I  had  pra&iled  and  found  effec¬ 
tual  to  furnifh  Air  at  any  reafonable  Depth  under  Water,  and  in  any 
Quantity  defired,  for  the  Subfittence  of  Men  that  fhall  haveoccafion 
to  work  on  Wrecks,  or  otherwife  at  the  Bottom,  under  a  great  Pref- 
fure  of  Water.  This  I  did  by  means  of  the,  Diving-Bell,  which, 
being  from  Time  to  Time  replenifhed  with  frefh  Air,  I  had  found  fuf- 
ttcient  to  maintain  five  Men  for  near  two  Hours  together  in  ten  fathom 
Water,  without  the  leaf!  Hurt  or  Inconvenience.  But  the  Bell  being 
not  to  be  moved  from  place  to  place,  but  by  moving  the  VefTel  from 
which  it  hung  fufpended,  was  a  great  Impediment  to  the  Work  that 
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was  to  be  done  below  ;  and  therefore  I  bethought  my  felf  how  to  ena¬ 
ble  the  Diver  to  go  out  from  the  Bell  to  a  confiderable  Diftance, 
and  to  ftay  a  fufficient  Time  without  it,  with  full  Freedom  to  ad  as  Oc- 
cafion  ferved.  And  confidering  that  the  Prefiure  being  greater  on  the 
Surface  of  the  Water  in  the  Bell,  than  on  any  other  Surface  that  was 
higher  than  it,  the  Air  would  by  a  Pipe  pafs  from  the  Bell  into  a  Cavi¬ 
ty  of  Air  over  that  higher  Surface  ;  I  concluded,  that  putting  on  a 
Cap  of  Lead  made  weighty  enough  to  fink  empty,  and  in  form  re- 
fembling  the  Bell  itfelf,  I  might  by  flexible  Pipes,  which  a  Man  might 
carry  coiled  on  his  Arm,  receive  a  conflant  Stream  of  Air  from  the 
Magazine  thereof  in  the  great  Bell,  fo  long  as  the  Surface  of  the 
Water  in  the  Caps  was  above  the  Level  of  that  in  the  Bell. 

Following  this  Idea,  1  procured  Pipes  to  be  made,  which  anfwer- 
ed  all  that  was  hoped  from  them-  They  were  fecured  againfl  ti\e 
Prefiure  of  the  Water,  by  a  fpiral  brafs  Wire,  which  kept  them 
pen  from  end  to  end,  the  Diameter  of  the  Cavity  being  about  the 
fix tli  Part  of  an  Inch.  Thefe  Wires  we  coated  with  thin  Glove-lea¬ 
ther,  curioufiy  fowed  on,  and  then  dipt  the  Leather  into  a  Mixture 
of  Oil  and  Bees-Wax  hot,  which,  filling  up  the  Pores  of  the  Lea¬ 
ther,  made  it  impenetrable  to  Water.  Then  we  drew  feveral  Folds  of 
Sheeps  Guts  over  them,  which  when  dry,  we  painted  with  a  good 
Coat  of  Paint,  and  then  fecured  the  whole  with  another  Coat  of  Lea¬ 
ther,  to  keep  them  from  fretting.  The  Pipes,  of  which  we  made  fe¬ 
veral,  were  much  about  forty  Foot  long,  the  Size  of  a  half  Inch 
Rope  ;  the  one  End  thereof  being  fixed  in  the  Bell,  at  fome  Height 
above  the  Water,  and  the  other  End  fattened  to  a  Cock,  which  open¬ 
ed  into  the  Cap.  The  Ufe  of  the  Cock  being  to  flop  the  Return  of 
the  Air,  whenever  there  was  occafion  to  {loop  down,  or  go  below  the 
Surface  of  the  Air  in  the  Bell,  which  was  necefiary  as  often  as  there 
was  Occafion  to  go  out  or  return  into  the  Bell. 

The  Diver  therefore  putting  on  his  Cap,  and  coiling  his  Pipe  on 
his  Arm,  like  a  Rope,  as  foon  as  he  is  difeharged  from  the  Bell,  o- 
pens  his  Cock,  and  marches  on  the  Bottom  of  the  Sea,  vearing  out 
the  Coiles  of  his  Pipe,  which  ferves  as  a  Clue  to  direct  him  back  again  ; 
and  this  I  have  feen  praclifed,  without  any  ill  Inddent  attending  it. 

But  there  are  two  Things  to  be  remarked  in  this  Affair;  firft.  That 
the  Weight  of  a  Man  being  very  little  more  than  that  of  his  Bulk  in 
Water,  he  cannot  act  with  any  Strength,  nor  {land  with  any  Firm- 
nefs,  efpecially  where  any  thing  of  a  Stream  runs,  without  a  confide¬ 
rable  Addition  of  Weight  ;  and  therefore  the  leaden  Caps  were  made 
to  weigh  about  half  a  hundred  Weight,  to  which  I  added  a  Girdle  of 
large  Weights  of  Leads,  of  about  the  fame  Weight  in  the  whole,  this 
being  to  be  worn  about  the  Waitt  ;  and  two  Clogs  of  Lead  for  the 
Feet,  of  about  12  Pound  each.  With  this  Accefiion  of  Weight  I 
found  a  Man  could  (land  well  in  an  ordinary  Stream,  and  even  go  a- 
gainft  it.  The  other  thing  necefiary  to  be  provided  againfl,  was  the 
Vol.  VI.  ‘  z  z  Cold 
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Cold  of  the  Water,  which  though  it  could  not  be  wholly  taken  off, 
fo  that  a  Man  could  endure  it  long,  yet  it  was  much  eafed  by  Ha¬ 
bits  of  Waiftcoat  and  Drawers,  made  dole  to  the  Body,  of  that  thick 
fort  of  woollen  Stuff  they  make  Blankets  of :  This  being  full  of  Wa¬ 
ter,  would  be  a  little  warmed  by  the  Heat  of  the  Body,  and  keep  off 
the  Chill  of  new  cold  Water  coming  on  it. 

As  to  Sight  under  Water,  as  long  as  the  Water  is  not  turbid. 
Things  are  feen  fufficiently  diftinft  *,  but  a  fmall  Degree  of  Thicknefs. 
makes  perfed  Night,  in  no  great  Depth  of  Water  :  In  my  leaden 
Caps,  which  from  their  Ufe  I  called  Caps  of  Maintenance ,  I  at  firffc 
fix’d  a  plain  Glafs  before  the  Sight,  but  foon  found  that  the  Vapour  of 
the  Breath  would  make  fuch  a  Dew  on  the  Surface  of  the  Glafs,  that 
it  hindered  its  Tranfparency  :  To  remedy  which,  I  found  it  necefiary 
to  prolong  that  Side  of  the  Cap  that  was  before  the  Eyes,  and  thereby 
enlarged  the  Profped  of  what  was  under  us. 

A  Defr.riptiou  VII.  Mr.  Haskins  finding  that  all  Hydraulic  Engines,  working  with 
If  an  Engine  Pumps,  lofe  a  great  deal  of  Water,  (always  giving  lefs  than  the 
to  raije  Water  Number  of  Strokes  ought  to  give  according  to  the  Contents  of  the 
h  the  HelP  °f  Barrels  \)  and  that  when  the  Piftons  are  new  leathered  to  prevent  that 
Lofs,  c^e  Fridion  is  much  increafed,  and  the  Engines  are  fubjed  to 
%hteMr.) o-  Jerks,  which  in  great  Works  often  diforder  an  Engine  for  a  great 
fhua  Haskins,  while,  by  breaking  fome  of  the  Parts  •,  contrived  a  new  Way  ofraif- 
W  improved  }ng  \Vater  without  any  Fridion  of  Solids  *,  making  ufe  of  Quickfilver 
^ullerT inl^ea^  Leather,  to  keep  the  Air  or  Water  from  flipping  by  the 
|U  Sides  of  the  Piftons  in  the  Barrels  where  they  work  ;  hoping  thereby 

n.  370.  p.  5.  to  prevent  all  the  abovefaid  Inconveniencies,  and  alfo  to  have  Water- 
Engines  lefs  liable  to  be  out  of  Order  than  any  yet  made. 

The  firft  Experiment  he  made  with  an  Engine  that  he  fet  up  at  my 
Houfe  about  two  Years  ago,  which  I  repeated  before  the  Royal 
Society  in  a  Model ;  and  tho’,  by  the  ill  Contrivance  of  the  Parts, 
it  did  not  raife  near  the  Quantity  of  Water,  of  which  the  Invention  is 
capable  •,  yet  I  fliall  defcrihe  the  Machine  here,  becaufe  it  will  ferve 
for  the  better  Underjlanding  of  our.  prefent  Engine. 

Pi g.  171.  dddd  reprelents  a  Lignum  Vitce  Plug  or  Pifton  (which  Mr.  Haskins 

called  a  Plunger)  about  6  Foot  long,  made  heavy  enough  with  Lead 
at  top  to  fink  into  Mercury ,  which  is  before-hand  poured  into  the  Bar¬ 
rel  D  1  D  2  up  to  m  m.  The  Chain  E  1  E  2,  joined  to  the  Pifton  and 
the  Power  that  moves  it,  being  let  down  till  the  Pifton  comes  to  D  2, 
the  Mercury  rifes  to  the  fame  Height  in  the  Barrel,  and  in  the  Receiv¬ 
er  R,  (which  it  fills)  namely  to  n  /z,  as  appears  in  the  Figure.  Then 
drawing  up  the  Pifton  till  its  Bottom  is  come  to  nun,  the  Mercury  com¬ 
ing  out  of  the  Receiver  down  to  00  makes  a  Vacuum ,  and  the  Weight 
of  the  Atmofphere  caufes  the  Water  to  rife  up  thro"  the  Sucking  Pipe 
A  i  A  2,  and  Valve  V  into  the  Receiver  where  the  Mercury  was  be¬ 
fore.  Upon  letting  down  the  Pifton  again,  the  Mercury  rifes  into  the 

Receiver, 


353 


Water  raifed  by  ^uickjilver. 

Receiver,  and  drives  up  the  Water  thro’  the  Elbow  B,  the  forcing 
Valve  u ,  and  fo  up  the  forcing  Pipe  ai  a  i  :  But  when  once  the 
forcino-  Pipe  (which  here  was  46  Foot  high)  is  full,  before  any  Mer¬ 
cury  can  enter  into  the  Receiver,  and  force  any  Water  out  at  the  Top 
of  the  Pipe  a  1,  the  Mercury  between  the  Pifton  and  Barrel  muft  rife 
up  to  q  q  near  3  ~  Feet  above  the  Bottom  of  the  Receiver,  and  as  it 
continues  to  rife  up  to  pp,  the  Water  is  thrown  out  with  a  Velocity 
proportionable  to  the  Height  that  the  Mercury  is  raifed  above  the  14th 
Part  of  the  Height  of  the  Water.  Now  tho’  the  Fridion  of  Solids 
is  here  avoided, °it  is  plain  that  the  Mercury  muft  move  from  mm  to 
nq  without  railing  any  Water,  and  that  it  can  only  foice  in  going 
from  q  q  top  p,  and  only  fuck  in  falling  from  0  0  to  m  m  :  And  unlefs 
the  Pifton  is  (topped  a  little  while  when  at  lowed,  the  Watei  will  not 
have  time  to  run  out :  So  likewife  the  Pifton  muft  be  (lopped  when  at 
higheft,  that  the  Receiver  may  have  time  to  fill.  . 

Mr.  Haskins  likewife  propofed  another  Way,  reprefen  ted  in  Fig.  Fig.  172. 
172  *,  where  the  fame  Letters  reprefent  the  fame  Parts,  only  here  the 
Barrel  is  moveable  by  the  two  Chains  E  1  E  2,  and  inftcad  o*  a  iolid 
Pifton,  the  hollow  Cylinder  C  1  ce  is  fixed,  and  the  Mercury  moving 
up  and  down  in  the  lower  Part  of  it,  fucks  and  forces  the  Water  thro 
the  Elbow.  The  Figure  reprefents  the  Engine  fucking  by  means  of 
the  Mercury  hanging  from  00  to  m  m •  In  order  to  force,  before  any 
Water  can  be  driven  out,  the  Mercury  in  the  inner  Cylinder  muft  de¬ 
fend  from  00  to  mm,  and  rife  up  to pp  between  that  Cylinder  and 
the  Barrel ;  fo  that  here  alfo  a  great  deal  of  Time  is  loft  ,  befides  the 
o-reat  Quantity  of  Mercury  ufed,  which  is  very  expenfive  *,  becaufe  as 
much  Mercury  is  moved  every  Stroke  as  the  Water  rais’d.  # 

Thefe  Difficulties  very  much  puzzled  Mr.  Haskins ,  and  quite  dif- 
couraged  fome  other  Perfons  that  had  got  the  Secret  of  the  Invention^ 
and  were  fetting  up  againft  him.  But  when  I  had  confide  red  the  Mat- 
ter  a  little,  tho’  I  had  not  time  to  contrive  a  Machine  for  it,  I  told 
him,  That  a  little  Mercury  might  be  made  to  raife  a  great  Quantity  of 
Water,  and  there  fhould  not  be  fuch  a  Lofs  of  Time  as  m  nis  En¬ 
gines  ;  but  that  I  would  have  him  find  it  out  before  I  affifted  him  far¬ 
ther.  In  a  little  time  he  found  out  the  Contrivance  reprefented  in  Fig. 

174,  and  afterwards  that  of  Fig.  173,  which laft  was  what  I  had  thought 
of :  And  both  thefe  were  alfo  found  out  by  the  late  Mr.  fViIliam  Ureeni , 
who  was  an  excellent  Mechanick. 

Here  the  Barrel  is  moved  as  in  Fig.  172,  but  the  Plug  add  taking  Fig.  173. 
up  a  o-reat  deal  of  Space,  there  is  occafion  for  no  more  Mercury  man 
what  will  make  a  concave  Cylinder  or  Shell  up  to  pp  between  tne  ar- 
rel  D  1  D  2,  and  the  hanging  Cylinder  C  1  C  2  c  r,  when  the  Stroke 
is  made  for  forcing  *,  and  a  concave  Cylinder  between  the  Plug  an 
C  1  C  2  c  c,  when  the  Su6tion  is  made.  I  gave  Mr.  Haskins  tne  Pro¬ 
portions  for  an  Engine  this  Way,  of  which  he  made  a  Draught,  an 

ffiewed  it  to  the  Lord  Chancellour  about  fix  Months  ago,  l  nis  i 

Z  z  2  mention 
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Fig.  174. 


Fig-  ^75- 


Fig,  176. 


Water  raifed  by  ^uicljther. 

mention  here,  that  no  body  may  endeavour  to  get  a  Patent  for  this 
Invention,  to  the  Prejudice  of  Mr.  Raskins' s  Aflignees ;  who,  fince 
his  Death,  have  defired  me  to  affift  them  in  perfecting  the  Engine. 

Here  the  Barrel  with  a  third  Cylinder  dddd  inflead  of  the  Plug 
of  Fig.  174,  is  lifted  up  and  down  every  Stroke,  and  the  Water  pais- 
es  thro’  d  d  cl  r/,  the  Mercury  making  a  Shell  fometimes  between  the 
middle  and  inner  Cylinder,  as.  in  the  Sudtion  ;  and  fometimes  between 
the  Barrel  and  the  middle  Cylinder,  as  in  the  forcing  Stroke. 

Mr.  Raskins  had  contrived  lucha  Machine  as  is  reprelented  by.  this 
Figure,  and  befpoke  the  feveral  Parts  before  he  dy’d  ;  and  therefore 
when  I  was  defired  by  his  Aflignees  to  direct  the  letting  up  the  Ma¬ 
chine,  I  was  obliged  to  makeufe  of  the  Pieces  already  made,  in  order 
to  five,  the  E\ pence  of  anew  Engine  :  And  now  the  whole  put  toge¬ 
ther  with  forne  Alterations,  make  the  Engine  reprefented  by  Fig.  175. 
as  it  is  fet  -up  at  my  Houfe  in  Wefiminfiery  and  by  the  Force  of  one 
Man,  raifes  a  Hogfhead  of  Water  in  little  more  than  a  Minute  and  a 
half  to  the  Height  of  27  Feet.  All  the  Fault  of  the  Machine  of 
I  ig.  175  is,  that  the  Pendulum  Plandle  Ff  is  too  long,  and  the  Bot¬ 
tom  of  the  middle  Cylinder  C  ought  to  be  juft  in  the  middle  of  the 
Height  to  which  the  Water  is  to  be  raifed,  fuppofing  three  Copper 
Cyl  n  lers  to  be  as  they  are  here  :  If  likewife  the  Barrel  D  1  D  2  work¬ 
ed  under  the  forcing  Pipe,  the  Lift  would  be  eafier.  Therefore  I  de- 
feribe  the  Machine  with  the  fmall  Alteration  reprefented  in  Fig.  176. 

THie  lucking  and  forcing  Pipe. and  Valves  are  marked  with  the  fame 
Letters  as  in  the  other  Figures ;  and  the  Chains  E  1  E  2  muff  be  fup- 
pofed  to  hang  from  fuch  Pullies,  and  to  be  moved  by  fuch  a  Pendulum 
as  is  in  Fig.  175.  The  Barrel  D  1  D2  (called  otherwife  the  outer  Cy¬ 
linder,  and  reprefented  by  the  fame  Letters  in  Fig.  177.)  has  within  it 
another  Cylinder  (called  the  inner  Cylinder  or  Plug,  as  dddd  Fig. 

1 77- J  between  which  two  Cylinders  a  certain  Quantity  of  Mercury  is 
poured  in,  and  the  hanging  Cylinder  C  coming  down  into  the  Mercury, 
a  Stroke  of  13  Inches  may  be  made  by  the  Motion  of  the  Barrel,  which 
in  going  down  fucks  by  making  a  Vacuum  in  C,  and  in  going  up  forces 
the  Water  out  of  the  1'op  of  the  forcing  Pipe,  performing  the  Office 
of  a  common  Pifton  ;  only  that  inflead  of  Leather  to  make  it  tight 
to  the  Cylinder  C,  there  is  always  a  thin  Shell  of  Qu-ic-kfilver  either 
, between  the  middle  Cylinder  C  and  the  inner  one,  (  dddd  Fig.  1  77.  ) 
as  happens  when  the  Sudlion  is  made,  or  between  the  middle  and  outer 
Cylinder,  as  happens  in  lifting  up  the  Barrel  to  force.  In  the  Su&ion, 
the  Mercury  is  higher  in  the  inner  Shell  than  in  the  outer  Shell,  by  a 
Height  equal  to  a  little  more  than  Part  of  the  Height  of  the  Barrel 
above  the  Water  to  be  raifed  :  And  in  forcing,  it  is  higher  in  the  outer 
Shell  than  in  the  inner  by  a  little  more  than  of  the  Height  of  the  Pil¬ 
lar  of  Water  to  be  forced.  And  therefore  if  the  Water  is  not  requir¬ 
ed  to  be  raifed  above  64  Feet,  the  Barrel  fhould  move  fo  as  to  make 
the  Middle  of  its  Stroke  at  the  Height  of  30  Feet,  or  at  the  Middle 
...  .  r  of 
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of  the  Way  from  the  Water  to  be  raifed,  to  the  Delivery  at  Top. 

The  177th  Figure  drawn  by  a  larger  Scale,  reprefents  khe  three  Cy-  Fig.  177, 
Jinders,  which  are  here  made  of  Copper  in  their  juft  Proportions: 

And  for  the  Sake  of  thofe  that  would  confider  this  Matter  fully,  [ 
have  here  given  their  Lengths,  Diameters  within  and  without,  and 
Thicknefs. 


Outer  Cylinder 
or  Barrel,  D 1  D2. 


Middle  or  hang¬ 
ing  Cylinder,  in 
which  the  Stroke 
is  made  C 1  C2  cc. 


Inner  Cylinder  or 
Plug  clofed  at  top 
by  a  Cap,  and  mov¬ 
ing  up  and  down 
with  the  Barrel  to  - 
which  it  is  joined 
at  bottom,  dd'dd. 


Inches 

Inches 

Length  — 

3° 

29,0 

Diameter  7 

within  S 

6,74 

6,35 

Thicknefs  — 

—  0, 10  - 

-  0,08 

Diameter 

1 

1 

VO 

4* 

1 

6,5! 

without 

Inches 

-31,2 

-  6,03 

-  0,13 

-  6,29 


Here  B  B  reprefents  Part  of  the  Elbow  of  Fig.  175.  or  of  the  forc¬ 
ing  Pipe  of  Fig.  174.  But  as  the  Spaces  between  the  Cylinders  are  fo 
fmall,  as  not  to  be  viable  even  in  a  large  Draught  made  by  a  Scale  ;  I 
have  here  given  three  more  Draughts  of  the  three  Cylinders,  where 
the  Height  is  agreeable  to  the  Scale  of  the  177th  Figure,  but  the  Dia¬ 
meters  of  the  middle  and  inner  Cylinders  are  made  Ids  than  they  are  in 
the  Engine,  to  make  the  Space  between  (where  the  Mercury  rifcs  and 
falls;  vifible  \  and  the  Cylinders  themfelves  are  reprefented  by  fingle 
Lines. 


The  Quantity  of  Mercury  ufed  in  this  Engine  is  36  \  Pounds,  which 
being  poured  in  between  the  outer  and  inner  Cylinder  rifes  to  the 
Height  of  16  Indies. 


When  the  Barrel  is  pulled  up  fo  as  to  have  the  middle  Cylinder  with-  pw  T 
in  an  Inch  of  the  Bottom  of  the  Barrel  *,  the  Mercury  on  both  Sides  the  1  ‘b  ' ! 
middle  Cylinder  will  rile  up  to  the  Height  of  23, 1  Inches,  that  is,  a- 
bout  two  Inches  below  the  Cup  D  1 ,  to" the  Line  q  q.  When  the  Bar¬ 
rel  is  going  (-own  to  fill  the  fucking  Pipe  and  middle  Cylinder  C,  the 
Mercury  in  the  inner  Shell  will  be  25  Inches  high,  and  only  13  in  the 
outer  Shell,  Fig.  179,  where  the  fhaded  Part  represents  the  0. 

At  the  P.nd  oi  the  ducking  Stroke  the  Mercury  is  up  to  the  Top  of  rr 
the  inner  Cylinder,  and  fcarce  an  Inch  in  the  outer  Shell.  1  A  lg‘  171 

^  In  railing  the  Pifton  from  forcing  to  the  Sucking  fir  ft  1  Inch 
drives  the  Mercury  out  of  the  inner  Shell,  and  raifes  it  in  the  outer  Shell 
1  j,  .28  Inches.  The 


\ 
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The  Depth  of  an  Inch  of  Water  in  the  middle  Cylinder  above  the 
inner  one  or  Plug  is  equal  to  a  Space  in  the  outer  Shell  of  13,28  Inches, 
and  \  of  an  Inch  is  equal  to  the  fame  Height  in  the  inner  Shell. 

Therefore  when  the  Mercury  is  equally  high  in  both  Shells,  a  Moti¬ 
on  of  4  of  an  Inch  of  the  Barrel  will  charge  for  Suction.  That  is, 
upon  letting  down  the  Barrel  only  -  of  an  Inch,  the  Prefiure  of  the 
Atmofphere  in  the  outer  Shell  will  raife  the  Mercury  in  the  inner  one 
13,28  Inches,  at  the  fame  time,  that  it  pufhes  up  the  Water  from 
the  Well  13  Foot  and  a  half  high  into  the  fucking  Pipe.  And  when 
all  the  Pipes  are  full,  if  the  Mercury  be  equally  high  in  both  Shells, 
upon  raifing  the  Barrel  one  Inch,  the  Mercury  will  rife  13,28  Inches 
in  the  outer  Shell ;  which  I  call  charging  for  forcing  ;  becaufe  in 
continuing  to  raife  the  Barrel,  the  forcing  Valve  immediately  rifes,  and 
the  Water  comes  out  at  Top  during  the  reft  of  the  Stroke,  which  is 
12  Inches,  and  delivers  1,6  Gallon  of  Water,  WineMeafure. 

Fig.  180  reprefents  the  forcing  Stroke  half  way  up  ;  with  the  $  17 
Inches  in  the  outer  Shell,  4  Inches  in  the  inner,  and  the  whole  Space  at 
Bottom  under  the  middle  Cylinder  7  Inches. 

From  this  it  appears,  that  in  the  whole  Stroke  of  13  Inches  in 
Length,  there  is  only  -  of  an  Inch  loft  to  charge  for  SuCtion,  and  in 
the  next  Stroke,  which  is  likewife  of  13  Inches  there  is  only  one  Inch 
loft  to  charge  for  forcing  rfo  that  in  a  Motion  of  26  Inches,  there  is 
but  1  \  Inch,  or  about  part  ineffectual.  But  this  is  owing  to  the 
too  large  Space  of  the  outer  Shell,  which  contains  4  Times  more  than 
the  inner  one,  becaufe  the  Cylinders  were  only  hammered,  and  not 
turned  ;  for  if  the  outer  Space  had  been  no  bigger  than  the  inner, 
then  -  of  an  Inch  of  the  Stroke  would  have  charged  for  forcing ;  fo 
that  only  ~  an  Inch  in  26,  or  Part  of  the  whole  Stroke  would 
have  been  ineffectual  *,  and  in  that  Cafe,  f  of  the  Quantity  of  Mer¬ 
cury,  or  a  little  more  than  12  Pounds,  would  have  been  fufficient. 

There  may  ft  ill  lefs  Mercury  be  ufed,  if  the  middle  Cylinder  be 
made  of  Plate  Iron  turned  on  the  Outfide,  and  bored  within,  the  outer 
Cylinder  bored,  and  the  inner  one  turned  *,  fo  that  if  the  Work  be 
well  performed,  eight  or  ten  Pounds  of  Mercury  will  be  fufficient  in 
this  Engine,  tho’  the  Bore  of  the  middle  Cylinder,  or  Diameter  of  the 
Pillar  of  Water  which  is  raifed,  be  of  6,35  Inches.  If  the  Bore  of  the 
laid  Cylinder  was  but  3  Inches,  lefs  than  3  Pounds  of  Mercury  would 
fuffice,  and  lefs  than  fix  if  there  were  two  Barrels,  in  order  to  keep  a 
conftant  Stream  thro’  a  Pipe  of  almoft  the  fame  Diameter.  This  will 
very  much  leffen  the'  Expence  of  Mercury,  which  would  otherwife 
be  an  Objection  againft  this  -Engine  ;  and  by  making  the  inner  and 
outer  Cylinder  of  hard  Wood,  as  Box,  or  Lignum  Vita,  the  Coft  of 
the  Engine  may  ftill  be  reduced.  But  if  the  Engine  be  very  large, 
Call  Iron  bor’d  will  be  proper  for  the  outer  Cylinder,  and  Caft  Iron 
turn’d  on  the  Outfide  for  the  inner  Cylinder  or  Plug,  and  hammered 
Iron  bored  and  turned  for  the  middle  Cylinder. 


There 
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There  is  an  Obje&ion,  which  feems  at  firft  to  take  off  the  intend¬ 
ed  Advantage  of  this  Engine,  That  inftead  of  the  Friction  of  the 
Leather  of  a  Pifton,  when  we  lift  up  our  Barrel  to  force,  the  Refill- 
ance,  that  the  Mercury  finds  to  rife  in  the  outer  Shell,  is  at  lead;  as 
areat  as  the  Fridtion  that  we  avoid.  Now  that  Refiftance  is  never  great¬ 
er  than  the  Weight  of  a  concave  Cylinder  of  Mercury,  whofe  Height 
is  the  greateft  to  which  the  Mercury  rifes  in  the  laid  Shell,  and  the 
Bale  is'the  Area  of  the  Shell  itfelf.  This  Weight  in  our  Engine  is  equal 
to  57,5  Pounds,  and  therefore  one  would  think  it  greater  than  the  Re¬ 
fiftance  made  by  the  Fridlion  of  a  Pifton.  But  if  it  be  confidered, 
that  in  the  Defcent  of  the  Barrel  for  fucking,  the  Mercury  fhifts  imme¬ 
diately  into  the  inner  Shell,  riling  to  the  fame  Height,  and  ftill  keep¬ 
ing  the  fame  Bafe  *,  the  aforefaid  Weight  of  57,5  Pounds  helps  down 
the  Barrel,  and  facilitates  the  overcoming  of  the  Force  of  the  Atmo- 
fphere,  confequently  the  Weight  of  the  Mercury  being  balanced,  is 
no  Hindrance,  whether  you  work  with  a  fingle  or  a  double  Barrel. 

There  remains  only  then  the  Elindrance  by  lofs  of  Time  in  the  Be¬ 
ginning  of  any  Stroke  :  But  I  have  fhewed  that  to  be  but  5|  Part  of  the 
Stroke.  I  have  found  that  the  beft  Engines  now  in  ufe  generally  lofe 
near  j  of  the  Water  that  they  ought  to  give,  according  to  their  Num¬ 
ber  of  Strokes.  And  Mr.  Beighton ,  having  a  great  many  times  mea- 
fured  the  Water  that  is  rais’d  by  Engines  in  Mines,  found  that  fome 
Engines  loft  and  none  ever  loft  lels  than  f  of  what  they  ought  to 
give  according  to  the  Number  of  the  Strokes  in  their  Pumps,  whatever 
auxiliary  Powers  they  were  moved  with. 

There  is  indeed  another  Objection,  but  fcarce  worth  Notice  ;  which 
is,  that  fome  Particles  of  Mercury  will  mix  with  the  Water  that  is 
raifed,  and  make  it  tinwholefome  •,  but  no  body  that  confiders  fpecifick 
Gravity,  will  imagine  any  fuch  thing.  However,  to  fatisfy  thofe  that 
'might  ftill  apprehend  it,  it  is  to  be  obferved,  that  none  of  the  Water 
that  is  raifed  comes  near  the  Mercury  :  For  in  the  Cylinder  C,  and 
Part  of  the  Elbow  B,  (Fig.  175.)  there  is  always  above  the  Mercury 
a  certain  Quantity  of  Water  that  rifes  and  falls  with  the  Barrel,  and 
never  goes  into  the  forcing  Pipe.  The  fame  happens  alfo  in  the  Ma¬ 
chine  of  Fig.  176.  for  the  Water  having  once  run  into  the  Cylinder  C, 
all  that  is  raifed  afterwards,  comes  thro’  the  forcing  Valve  without 
coming  down  to  the  Mercury. 

Provided  Care  be  taken  to  make  the  Barrel  with  its  Plug  tight,  I 
don’t  fee  that  this  Machine  will  want  Repair  in  a  long  time,  except 
fome  of  the  auxiliary  Powers  be  out  of  Order,  which  do  not  relate  to 
this  Invention.  The  Numbers  given  will  ferve  to  examine  the  T  ruth, 
of  what  I  have  afferted  concerning  the  Motion  of  the  Mercury  j  and 
from  them  one  may  make  Tables  to  ferve  to  proportion  tnefe  Engines 
for  railing  any  Quantity  of  Water  to  any  Height,  according  to  the 
Power  one  has  to  apply. 


VIII.  The 
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By  H.  Beigh- 
ton,  F.  R.  S. 
n.  417.  p«  5. 

Fig.  1  81. 


Water-Works  at  London-Bridae. 

o 

VIII.  The  Wheels  are  placed  under  the  Arches  of  Lon  don -Bridge, 
and  moved  by  the  common  Stream  of  the  Tide- Water  of  the  River 
Thames. 

A  B  the  Axle-tree  of  the  Water-Wheel,  19  Feet  long,  3  Feet  Dia¬ 
meter,  in  which  C,  D,  E,  F,  are  four  Sets  of  Arms,  eight  in  each 
Place,  on  which  are  fixed  GGGG,  four  Rings,  or  Sets  of  Felloes,  in 
Diameter  20  Feet,  and  the  Floats  HHH,  14  Feet  long  and  18  Inches 
deep,  being  about  26  in  Number. 

The  Wheel  lies  with  its  two  Gudgeons,  or  Centers,  A  B,  upon 
two  Brahes  in  the  Pieces  M  N,  which  are  two  great  Levers,  whofe 
Fulcrum,  or  Prop,  is  an  arched  Piece  of  Timber  L,  the  Levers  be¬ 
ing  made  circular  on  their  lower  Sides  to  an  Arch  of  the  Radius  M  O, 
and  kept  in  their  Places  by  two  arching  Studs  fixed  in  the  Stock  L, 
through  two  Mortifes  in  the  Lever  M  N. 

The  Wheel  is,  by  thefe  Levers,  made  to  rife  and  fall  with  the  Tide, 
which  is  performed  in  this  Manner.  The  Levers  MN  are  16  Feet 
long  ;  from  M,  the  Fulcrum  oi  the  Lever,  to  O  the  Gudgeon  of  the 
Water-Wheel,  6  Feet  ;  and  from  O  to  the  Arch  at  N,  10  Feet.  To 
the  Bottom  of  the  Arch  N  is  fixed  a  ftrong  triple  Chain  P,  made  af¬ 
ter  the  Fa  lb  ion  of  a  Watch-Chain,  but  the  Links  arched  to  a  Circle 
of  one  Foot  Diameter,  having  Notches,  or  Teeth,  to  take  hold  of  the 
Leaves  of  a  Pinion  of  Cad  Iron  10  Inches  Diameter,  with  eight 
Teeth  in  it  moving  on  an  Axis.  The  other  loofe  End  of  this  Chain 
has  a  large  Weight  hanging  at  it,  to  help  to  counterpoife  the 
Wheel,  and  preferve  the  Chain  from  Hiding  on  the  Pinion.  On  the 
fame  Axis  is  fixed  a  Cog-Wheel  R,  6  Feet  Diameter,  with  48  Co.^s. 
To  this  is  applied  a  Trundle,  or  Pinion,  S,  of  fix  Rounds,  or  Teeth  ; 
and  upon  the  fame  Axis  is  fixed  T,  a  Cog-Wheel  of  51  Cogs,  into 
which  the  Trundle  V,  of  fix  Rounds,  Works;  on  whofe  Axis  is  a 
Winch,  or  Windlafs,  W,  by  which  one  Man,  with  the  two  Wind- 
lakes,  raifes  or  lets  down  the  Wheel  as  there  is  Occafion. 

And  becaufe  the  Fulcra  of  thefe  Levers,  M  N,  are  in  the  Axis  of  the 
Trundle  K,  viz.,  at  M  or  X,  in  what  Situation  foever  the  Wheel  is 
raifed  or  let  down,  the  Cog- Wr heel  II,  is  always  equidiftant  from  M, 
and  works  or  geers  truly. 

By  Means  of  this  Machine  the  Strength  of  an  ordinary  Man  will 
raife  about  fifty  Ton  Weight. 

I,  I,  is  a  Cog-Wheel  fixed  near  the  End  of  the  great  Axis,  8  Feet 
Diameter,  and  44  Cogs  working  into  a  Trundle  K,  of  4  \  Foot 
Diameter,  and  20  Rounds,  whofe  Axis  or  Spindle  is  of  Cart  Iron  4 
Inches  in  Diameter,  lying  in  Brakes  at  each  End,  as  at  X. 

Z  Z  is  a  quadruple  Crank  of  Cali  Iron,  the  Metal  being  6  Inches 
fquare,  each  of  the  Necks  being  turned  one  Foot  from  the  Centre,  which 
is  fixed  in  Brakes  at  each  End  in  two  Head-ftocks  fattened  down  by 
Caps.  One  End  of  this  Crank  at  Y  is  placed  clofe  abutting  to  the  End 

of 
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of  the  Axle-tree  X,  where  they  are  at  thole  Ends  fix  Inches  Diameter, 
each  having  a  81k  in  the  Ends,  where  an  Iron  Wedge  is  put,  one  half 
into  the  End  X,  the  other  half  into  Y,  by  Means  of  which  the  Axis 
X  turns  about  the  Crank  Z  Z. 

The  four  Necks  of  the  Crank  have  each  an  Iron  Spear,  or  Rod, 
fixed  at  their  upper  Ends  to  the  refpedlive  Libra,  or  Lever,  a  i,  2,  3, 
4,  within  three  Foot  of  the  End.  Thefe  Levers  are  24  Feet  long, 
moving  on  Centers  in  the  Frame  b  b  b  b  ;  at  the  End  of  which,  at  c  1, 
2,  3,  4,  are  jointed  four  Rods  with  their  forcing  Plugs  working  into 
d  1,  2,  3,  4,  four  Cafe  Iron  Cylinders  four  Feet  three  Quarters  long, 
feven  Inches  Bore  above,  and  nine  below  where  the  Valves  lie,  faften- 
.ed  by  screwed  Blanches,  over  the  four  Holes  of  a  hollow  Trunk  of 
Caft  Iron,  having  four  Valves  in  it  juft  over  c  e  ee.  at  the  joining  on 
of  the  Bottom  of  the  Barrels,  or  Cylinders,  and  at  one  End  a  fuckino* 
Pipe  and  Grate  /,  going  into  the  Water,  which  fupplies  all  the  four 
Cylinders  alternately. 

From  the  lower  Part  of  the  Cylinders  d  1,  d  2,  ^3,  J4,  come  out 
Necks  turning  upward  Arch- wife,  as  gggg ,  whofe  upper  Parts  are 
caft  with  planches  to  screw  up  to  the  Trunk  h  h  b  h  ;  which  Necks 
have  Bores  of  7  Inches  Diameter,  and  Holes  in  the  Trunk  above  com¬ 
municating  with  them,  at  which  Joining  are  placed  four  Valves.  The 
Trunk  is  caft  with  four  Bofies,  or  Protuberances,  Handing  out  againft 
the  Valves  to  give  room  for  their  opening  and  knitting  ;  and  on  the  up¬ 
per  Side  are  four  Holes  flopped  with  Plugs,  to  take  out  on  Occafion, 
to  cleanfe  the  Valves.  One  End  of  this  Trunk  is  ftopped  by  a  Plug  u 
To  the  other,  Iron  Pipes  are  joined,  as  i  2,  by  Flanches,  through 
which  the  Water  is  forced  up  to  any  Height  or  Place  required. 

Befides  thefe  four  Forcers,  there  are  four  more  placed  at  the  other 
Ends  of  the  Librae,  or  Levers  (not  fhewn  here  to  avoid  Confufion, 
but  to  be  feen  on  the  left  Hand)  the  Rods  being  fixed  at  a  1,  2,  3,  4, 
working  in  four  fuch  Cylinders,  y/ith  their  Parts  d  d,  &c.  e  e,  /,  gg, 
and  i,  as  before  deferihed,  Handing  near  k  k. 

At  the  other  End  of  the  Wheel  (at  B)  is  placed  all  the  fame  Sort 
of  Work  as  at  the  End  A  is  deferibed,  viz. 


Tne  Cog-Wheel  I. 
The  Trundle  K. 

The  Spindle  X 

The  Crank  Y,  Z. 
The  fucking  Pipes  /. 


The  four  Levers  ac,  ac ,  Grc. 
8  forcing  Rods  ad ,  a  d,  c 3c% 

S  Cylinders  de ,  de,  &c. 

.  4  Trunks,  fuch  as  e  e,  h  h. 

2  forcing  Pipes,  as  i. 


So  that  one  fingle  Wheel  works  16  Pumps. 

All  which  Work  could  not  be  drawn  in  one  perfpebtive  View,  with¬ 
out  making  it  very  much  confufed. 

In  the  ift  Arch  next  the  City  is  one  Wheel  with  double?,  ^  porcers 
Wcrk  of  $ 
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In  the  3d 
Arch 


rift  Wheel  double  Work  at  one  End,  and  fm- 
gle  at  the  other 
<1  2d  Wheel  in  the  Middle 
[^3 d  Wheel 


12 

8 

16 


In  all  52  Forcers. 

One  Revolution  of  a  Wheel  makes  in  every  Forcer  2~  Strokes. 


So  that  one  Turn  of  the  4  Wheels  makes  1 14  Strokes. 

When  the  River  is  at  beft,  the  Wheels  go  fix  times  round  7  ^ 
in  a  Minute,  and  but  4^  at  middle  Water  S 


The  Tower 
which  the 
Wheels  are 
moved. 


The  Number  of  Strokes  in  a  Minute 
The  Stroke  is  2  -  Feet,  in  a  7  Inch  Bore,  raifes 

They  rai  fn,  per  Minute 

That  is,  123120  Gallons  =  1954  Hogfheads  per  Hour,  and  at  the 
Rate  of  46896  Hogfheads  in  a  Day,  to  the  Height  of  120  Feet. 

This  is  the  utmoft  Quantity  they  can  raife,  fuppofing  there  were  no 
Imperfections  or  Lofs  at  all. 

But  it  is  certain  from  the  Co nfi derations  following  that  no  Engine  can 
raife  fo  much  as  will  anfwer  the  (Quantity  of  JV ater  the  Cylinder  contains 
in  the  Length  of  the  Forcer ,  or  PiJton9s  Motion :  For, 

Fir  ft ,  The  opening  and  fhutting  of  the  Valves  lofe  nearly  fo  much 
of  that  Column,  as  the  Height  they  rife  and  fall. 

Secondly ,  No  Leather  is  It  rang  enough  for  the  Piffon,  but  there 
muff  continually  flip  or  fqueeze  by  fome  Water,  when  it  is  raifed  to  a 
great  Height  ;  and  when  the  Column  is  ihort,  it  will  not  prefs  the 
Leather  enough  to  the  Cylinder,  or  Barrel :  But  efpecially  at  the  Be¬ 
ginning,  or  fir  ft  moving  of  the  Piffon,  there  is  fo  little  Weight  on  it, 
that  before  the  Leather  can  expand,  there  is  fome  Lofs. 

thirdly ,  And  this  Lofs  is  more  or  lefs,  as  the  Piffons  are  loofcr  or 
ft raig liter  leathered. 

Fourthly ,  When  the  Leathers  grow  too  foft,  they  are  not  capable 
of  fu Raining  the  Pillar  to  be  raifed. 

Fifthly ,  If  they  are  leathered  very  tight,  as  to  lofe  no  Water,  then 
a  great  Part  of  the  Engine’s  Force  is  deftroyed  by  the  Friction. 

By  fome  Experiments  I  have  accurately  made,  on  Engines,  whole 
Parts  are  large  and  excellently  performed,  they  will  lofe  ~  and  fome- 
times  ~  of  the  calculated  Quantity. 

However,  the  Perfections  or  Errors  of  EngineS/Tre  to  be  compared 
together,  by  the  calculated  Quantities  or  Forces  ;  for  as  they  differ  in 
thofe,  they  will  proportionably  differ  in  their  aCtual  Performances- 
by  The  Weight  of  the  Pillar  of  Water  on  a  Forcer  7  Inches  Diame¬ 
ter,  and  120  Foot  high. 
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7  x  7  =  49  lb  The  Pounds  Averchtpoife  in 
40  Yards  high,  [a  Yard  nearly, 

"1900  fb  on  one  Forcer. 

8  Forcers  always  lifting. 

The  whole  Weight  =  1 40  Ct.  =  7  Tun  Weight 

on  the  Engine  at  once. 

Then  the  Crank  pulls  the  Libra  3  Feet  from  the  Forcer,  and  8.3 
Feet  from  the  Center, 

7  Tun 
x  1 1-3 

8,3)79.1  (955  Tun  on  the  Crank.  Lun. 

Wal lower  2,2) 9, 5(4, 3  on  Trundle. 

The  Spur  Wheel _ 4 

The  Radius  of  the  great  Wheel  io)  17,2  /1,72  Tun. 

V  20 

The  Force  on  the  Floats  18  Ct •  4°  lb  34-54°  Lt. 

But  to  allow  for  Friction  and  Velocity,  may  be  reckoned  i  Tun 
The  Ladles  or  Paddles  14  Foot  long,-,  =  (  ^ 

18  Inches  deep,  —  S 

The  Fall  of  Water  is  fometimes  2  Feet. 

44,8 

6  Gall,  in  a  Cub.  Ft. 

)2  68,8" 

’  10,  lb  in  a  Gallon. 

112)2688.(24  Hundred. 


<fhe  Velocity  of  the  Water ,  4  Feet  in  21"'  of  Time. 

21 _ 4  Ft.  :  :  —  60"  :  =  685  Feet  per  Minute. 

The  Velocity  of  the  Wheel  =  310  Feet  per  Minute. 

Quantity  expended  on  the  Wheel,  according  to  the  Velocity  of  the 

Stream  1433  Hogfheads  per  Second. 

But  at  the  Velocity  of  the  Wheel  645  Hogfheads  per  Second. 

The  Velocity  of  the  Wheel  to  the  Velocity  of  the  Water,  as  1  to  22. 

Although  they  may  juftly  be  efteemed  as  good  as  any  in  Europe ,  Some  Obferva- 

vet  are  there,  as  I  conceive,  fome  Things  which  might  be  altered  very  tions  on  tbefe 
J  ,  c  1  1  Waterworks, 

much  for  the  better. 

Fir  ft)  if  infteadoffixteen  Forcers  they  worked  only  eight,  the  Stroke 
might  be  five  Feet  in  each  Forcer,  which  would  draw  a  great  deal  more 
Water  with  the  fame  Power  on  the  Wheel  •,  for  then  there  would  be 
but  half  the  opening  and  fhutting  of  Valves,  confequently  but  half 
that  Lofs :  And  a  five  Foot*  Stroke  draws  above  double  the  Quantity 
of  two  Strokes  of  2  \  each,  by  near  f ,  in  regard  the  Velocity  is  • 
double,  which  is  the  mod:  valuable  Confederation  in  an  Engine,  where 

the  Pipes  will  fuftain  fuch  Force. 

A  a  a  2  Secondly , 
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Secondly ,  the  Bores  that  carry  off  the  Water  from  the  Forcers  are  e-o 
fmall,  there  being  (nearly)  always  two  Pillars  of  7  Inches  Diameter, 
forcing  into  one  Pipe  of  the  fame  Diameter,  and  7x7—49+49— 

Therefore  thofe  Pipes  of  Conveyance  fhould  be  near  nine"  Inches 
Diameter. 

The  Timber- work  is  all  admirably  well  performed,  and  the  Com- 
pofition  and  Contrivance,  for  Strength  and  Ufefulnefs,  not  exceeded 
by  any  I  have  feen. 

The  cafe  Iron  Cranks  are  better  than  wrought  ones,  by  reafon  they 
are  very  (tiff,  and  will  not  be  Framed,  but  fooner  break  ;  but  then 
they  are  cheap,  and  new  ones  eafily  put  in. 

The  Wedge  for  putting  on  or  releafing  the  Crank  and  Forcers,  is 
better  than  the  hiding  Sockets  commonly  ufed. 

The  forcing  Barrels,  Trunks,  and  all  their  Apparatus,  are  very 
curiouOy  contrived  for.putting  together,  mending,  altering  or  clean f- 
ing,  and  fubjedl  to  as  little  Fri&ion  as  poffible  in  that  Part. 

The  Machine  for  raifing  and  falling,  the  Wheels  is  very  good,  tho* 
but  feldom  ufed,  as  they  tell  me  ;  for  they  will  go  atalmotfany  Depth 
of  Water,  and  as  the  Fide  turns,  the  Wheels  go  the  fame  Way  with 
it. 

Thefe  Machines  at  London- Bridge  are  far  fuperior  to  thofe  fo  much 
famed  at  Marly  in  France ,  in  regard  the  latter  are  very  ill  defigned  im 
their  Cranks,  and  foriae  other  Parts.. 
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CHAP.  VI. 
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Geography,  Navigation. 


I.  I.  np  H  A  T  the  Earth  is  of  a  fpherical  Figure,  or  nearly  fuch,  a  Dijimiim 
JL  has  been  proved  fo  often,  and  by  fo  many  unanfwerable  concerning  the 
Arguments,  that  to  repeat  them  here  would  be  tedious.  But,  as  a  lit-  Fi&ure  °f  the 
tie  Variation  from  a  true  Sphere  (befides  the  Irregularity  of  high  Hills  ft  rft 
and  deep  Vallies)  does  not  hinder  us  from  calling  the  Earth  a  Globe  •,  Fillers,  e' 
fo,  to  determine  what  that  Variation  may  be,  fince  modern  Philofophers  FI.  F>  F.  R.  S. 
are  divided  about  it,  may  be  a  Subject  not  ungrateful  at  this  Time.  n-  386.  p.  201, 

Monfieur  C  affini  lays:  “  That  the  Earth  is  an  oblong  Spheroid, 

44  higher  at  the  Poles  than  the  /Equator,  making  the  Axis  longer  than 
44  a  Diameter  of  the  /Equator  about  thirteen  French  Leagues,  which 
44  he  deduces  from  comparing  his  Father’s  Mea  fures  of  the  Meridian, 

44  from  Paris  to  the  Pjrencean  Mountains,  with  thofe  of  Mon f.  Pi- 
44  card  of  which  an  Account  may  be  feen  in  the  Memoirs  of  the 
44  Royal  Academy  for  1713.  But  having  afterwards  continued  the  ' 

44  Meridian,  which  is  drawn  through  France ,  from  Paris  to  Dunkerque , 

44  he  Rill  draws  Confequences  to  prove  the  Earth  an  oblong  Sphe- 
44  roid  •,  but  then  makes  the  Axis  exceed  the  /Equatorial  D?n  meter 
“  34  Leagues.  ‘  ,'\Tl  — 

44  Sir  Ifaac  Newton  makes  the  Earth  higher  at  the  /Equator,  and, 

“  confequently,  flatted  towards  the  Poles,  -reckoning  its  ^Equatorial 
44  Diameter  34  Englifi  Miles  longer  than  the  Axis  *,  which  he  proves 
“  Rom  the  Principles  of  Gravity,  and  the  Centrifugal  Force  that  a- 
46  rifes  from  the  Diurnal  Rotation  of  the  Earth  ;  and,  to  confirm  this, 

4 4  mentions  feveral  Experiments  on  Pendulums,  which  have  been  made 
44  fnorter,  to  fwing  Seconds,  near  the  /Equator,  than  in  Greater  La- 
<c  titudes.”  i  f:  p  ^ 

Thefe  are  the  two  Opinions  which  have  divided  Philofophers,  and 
which  we  propofe  to  examine  here. 

M .Caffini,  taking  the  Meafures  above-mentioned  to  be  exadt  e- 
nough,  not  only  to  determine  the  Magnitude  of  a  Degree  of  the 
Earth,  correfponding  with  a  Degree  of  the  great  Circle  of  the  Hea¬ 
vens,  but  alfo  to  fliew  the  Difference  in  the  Degrees  of  the  Earth  ;  (reck¬ 
oning  thofe,  that  were  meafured  in  the  South  of  France to  exceed 
thofe  towards  the  North,  by  a  certain  Number  of  Toifes  and  Feet) 
demon  ft  rates,  that  if  the  Degrees  of  the  Earth  are  longer  towards  the. 

/Equator  than  the  Poles,  the  Plane  of  the  Meridian  muR  bean  Eliipfe, 
whole  long  Axis  is  that  of  the  Earth.  Here  follows  Ins  firft  Demon- 
ft  ration.  [See  the  French  Memoirs  for  the  2~ear  1713.]  66  Let 
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tt  Let  BDCR  be  an  Ellipfe  that  reprefents  a  Meridian  of  the  Earth, 

4 c  whofe  Poles  B  and  C  are  at  Ends  of  the  great  Axis  BC,  and  whole 
44  Foci  E  and  F  are  taken  at  Pleafure.  Now ,  to  divide  this  Ellipfe 
•4  into  Degrees ,  that  is ,  to  find  fever  al  Points  H,  I,  V,  fitch ,  that  the 
4  4  Difiance,  from  the  Pole  to  the  Zenith ,  of  every  one  of  them ,  Jhall  he  of 
44  any  given  Number  of  Degrees. 

44  From  E,  one  of  the  Foci  of  the  Ellipfe,  draw  the  Line  ET,  fo 
44  that  it  may,  with  the  Axis  BC,  make  the  Angle  BET  equal  to  the 
44  Diftance  given  from  the  Pole  to  the  Zenith.  From  the  other  Focus 
44  F,  with  the  Diftance  BC  equal  to  the  Axis,  draw  an  Arc,  to  cut 
44  the  Line  ET  at  T.  I  fay,  that  the  Line  FT,  drawn  from  the 
44  Point  T  to  the  Focus  F,  will  cut  the  Ellipfe  at  the  Point  H  ;  which 
44  Point  is  fuch,  that  the  Diftance  of  the  Pole,  from  its  Zenith,  con- 
44  tains  the  given  Number  of  Degrees. 

44  From  the  Point  H,  raife  HZ,  perpendicular  to  the  Ellipfe, 
44  which  will  pafs  through  the  Zenith  Z  ;  and,  being  produced  in- 
44  wards,  will  meet  the  Axis  of  the  Earth  at  O,  and  (by  the  Prope r- 
44  ty  of  the  Ellipfe)  divide  the  Angle  EHF  into  two  equal  Parts. 
44  From  the  Point  H,  draw  likewife  HP,  parallel  to  the  Axis  BC, 
44  and  directed  to  the  Pole  P,  fuppofed  at  an  infinite  Diftance.  The 
44  Angle  PHZ,  or  POZ,  meafures  the  Diftance,  from  the  Pole  to 
44  the  Zenith,  of  an  Inhabitant  dwelling  upon  the  Earth  at  the  Point 
44  H.  FT  is  equal  to  the  Axis  BC,  by  Conftrudtion ;  but,  by  the 
44  Property  of  the  Ellipfe,  BC  is  equal  to  EH  plus  HF  ;  taking  a- 
44  way  from  both  FH,  which  is  common,  EH  will  remain  equal  to 
44  HT.  The  Angles  ETH,  TEH,  will  therefore  be  equal,  and, 
44  confequently,  each  of  them  will  be  half  of  the  external  Angle 
44  EHF  *,  but  the  Angle  EHO  is  likewife  equal  to  half  of  the  Angle 
44  EHF  ;  therefore  the  Angles  TEH,  EHO,  will  be  equal  to  one 
44  another  •,  and,  confequently,  the  Lines  E  T  and  H  O  will  be  pa- 
44  rallel  to  one  another  5  and  the  Angle  POZ,  which  meafures  the 
44  Diftance  from  the  Pole  to  the  Zenith  of  the  Point  H,  will  be  equal 
44  to  the  Angle  BET,  which  was,  by  Conftrudtion,  taken  equal  to 
44  the  given  Diftance  of  the  Pole  from  the  Zenith  •,  which  was  to  he  de- 
44  monft rated . 

44  Now,  if  the  Proportion  of  the  longeft  Diameter  of  the  Ellipfe 
44  BC  to  EF,  the  Diftance  of  the  Foci,  be  taken  at  Pleafure,  one 
44  may  by  Calculation  find  all  the  Points  of  the  Ellipfe  as  H,  to  de- 
44  termine  the  Degrees  by  this  Analogy. 

44  As  FT  or  BC : 

44  Is  to  E  F  : : 

44  So  is  the  Sine  of  the  Angle  PET  (the  given  Diftance  from  the  Pole  to 
4  4  the  Zenith ) : 

44  To  the  Sine  of  the  Angle  ETF ,  or  TEH:  Whofe  Quantity  will 
44  confequently  be  known.  This  Angle  TEH  being  added  to  the 

44  Angle 
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cc  An^le  PET,  the  given  Diftance  from  the  Pole  to  the  Zenith  of  the 
u  Point  H,  will  give  the  Quantity  of  the  Angle  BEH,  which  a  Line 
ct  drawn  from  the  Focus  to  H,  the  Point  required,  makes  with  the 
44  Axis  of  the  Ellipfe. 

“  Then  in  the  Triangle  EHF,  whofe  Side  EF  is  known,  as  well 
“  as  the  Angle  EHF,  which  is  the  Double  of  the  Angle  TEH,  and 
46  the  Angle*  FEH  Supplement  of  the  Angle  BEH;  one  fhall  have 
“  the  Length  of  the  Side  EH,  known  in  Parts  of  the  Axis  BC.  ^ 

44  Afier&the  fame  Manner,  may  be  found  the  Angles  BEI,  BIEV , 
ct  &c.  and  the  Length  of  the  Lines  EI,  EV,  to  determine  the  Dif- 
44  tance,  from  the  Pole  to  the  Zenith,  of  all  the  Degrees  of  the 
44  Circumference  of  the  Earth  ;  and  in  the  redilinear  Triangles  HEI, 

44  IEV,  whofe  Sides  HE,  EI,  EV,  are  known  as  well  as  the  An¬ 
te  odes  comprehended  between  the  Sides  HE,  rid,  IE,  EA  ,  which 
44  are  the  Differences  of  the  Angles  BEH,  BEI,  BEV,  determined 
44  above  ;  one  fhall  find  the  Length  of  the  Chords  HI,  Tv ,  cotnpre- 
44  hended  between  each  Degree”. 

Monf.  Cajjini ,  in  the  Memoirs  for  the  Year  1718,  repeats  the  fame 
Demonft ration  ;  except  that,  before  it,  he  fhews,  that  if  feveral  joints 
be  taken  upon  a  Terreftrial  Meridian,  on  the  Surface  of  an  Elliptick 
Earth,  as  G,  H,  I,  K,  in  fuch  Manner,  that  their  refpedtive  Zeniths  F}g 
Z  L,  M,  N,  are  diftant  from  one  another,  an  equal  Number  of  De  • 
o-rees5  meafured  in  a  Celeffial  Meridian  ;  the  Lines  Z  G,  LH,  MI, 

N  K  (which  are  perpendicular  to  the  Ellipfe)  being  produced,  will 
meet  in  the  Points  O,  R,  and  S,  making  equal  Angles ;  but  as  thofe 
angular  Points  are  not  equally  diftant  from  the  Curve  of  the  Ellipfe, 
that  Elliptic  Arc  muft  be  the  longeft  whofe  angular  Point  is  fartheft 
off  Now,  by  the  former  Demonftration,  it  appears,  that  thofe  Arcs, 
which  are  taken  neareft  to  the  letter  Axis,  will  have  their  angular  Points 

farther  removed,  &c.  ire 

If  M.  Cajjini  s  Meafures  of  Terreftrial  Degrees,  decreasing  mom 

the  ^Equator  towards  the  Pole,  were  grounded  on  Obfervations  liable 
to  no  Error,  he  would  have  fully  proved  his  Figure  ci  the  Earth. 
But  fince  thofe  Meafures  (however  accurately  taken)  are  not  built  up¬ 
on  a  mathematical  Certainty,  his  Premifes  may  be  called  in  Queftion, 
and  his  Conclufion,  the’  mathematically  drawn  from  thele  Premiles,  is 

only  probable.  , 

Now  therefore,  if  I  can  fhew  from  undoubted  Phenomena,  that  his 

Conclufion  will  lead  to  an  Abfurdity,  his  Meafures  muft  be  fiilfe  ; 
becaufe  his  Reafoning  from  them  is  juft.  _  This  I  fhall  endeavour  to  do 
firft  which  will  difprove  his  Figure  of  the  Earth;  and  afterwards 
endeavour  to  point  out  fome  of  the  Errors  which  I  luppofe  to  have 

occafioned  the  Miftake  in  the  Meafures.  . 

M.  Cajjini ,  as  well  as  the  Englifh  Aftronomers,  believes  that  the  Earth 

makes  one  Revolution  about  its  Axis,  once  in  23  Hours  56,  becaufe 
in  that  Time,  the  Plane  of  any  Meridian  returns  to  the  lame  fixed  bear 
from  which  it  had  departed. 
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Let  H  be  taken  in  any  Parallel  of  Latitude,  as  for  Example,  in  the 
Latitude  of  510  46',  a  Pipmb  Line,  L  H,  will  be  perpendicular  to 
the  Curve  BH,  at  H,  and  produced  pafs  thro’  the  Zenith  of  the 
Point  H,  if  the  Earth  had  no  Diurnal  Rotation  •,  but  fince  the  Earth 
moves  round  its  Axis,  all  Bodies  upon  its  Surface,  endeavour  to  fly 
from  the  Axis  of  their  Motion  with  a  Force  proportionable  to  their 
Diftance  from  it  in  a  Direbtion  along  the  Plane  of  that  Parallel,  in 
which  they  are.  Let  that  Force  (explained  by  M.  Huygens ,  and  call¬ 
ed  a  Centrifugal  Force)  be  reprefented  by  the  Line  Fl7,  or  its  Equal 
and  Parallel  L  h  \  now  a  Plummet  placed  at  L,  if  the  Earth  Rood 
Fill,  would  defcend  in  the  Line  L  H,  but  as  it  is  at  the  fame  Time  ac¬ 
ted  upon  by  the  Force  H  /  in  the  Diredion  L  /?,  it  will  move  in  the  Di¬ 
rection  L  l  Diagonal  of  the  Parallelogram  FI  /,  according  to  the  known 
Laws  of  Mechanicks  •,  and  the  Plumb  Line  LH,  inftead  of  being- 
perpendicular  to  the  Curve  at  H,  will  in  the  Latitude  510  46' make 
an  Angle  of  5'  with  ML.  This  Angle  will  be  lefs  towards  the  Poles, 
till  at  the  very  Pole  it  quite  vanifhes,  as  it  alfo  does  at  the  /Equa¬ 
tor.  Now  fince  there  is  no  fuch  Angle  cbferved,  but  in  all  Water 
Levels  we  find  the  Plumb  Line  always  perpendicular  to  the  Line  of 
Level,  the  Surface  of  the  Earth  muff  be  depreffed  towards  G,  and 
rife  farther  from  the  Axis  cowards  I,  in  order  to  become  perpendicular 
(that  is,  to  have  its  Tangent  perpendicular )  to  the  Line  L  /,  in  which 
we  have  fhewn  that  the  Plumb  Line  muft  defcend. 

If  there  is  any  body  fo  fond  of  M.  Coffin? s  Hypothefis,  as  to  de¬ 
ny  the  Diurnal  Motion  of  the  Earth  for  the  Sake  of  it,  I  hope  they 
will  be  convinced,  when  I  fhew  the  Meafures,  upon  which  it  is  found¬ 
ed,  to  be  infufflcient  for  determining  the  different  Lengths  of  the  De« 
grees  of  a  Terreftrial  Meridian. 

But  here  I  would  not  be  thought  to  endeavour  to  leffen  the  Praife 
due  to  the  Gentlemen  of  the  Royal  Academy ,  for  carrying  on  a  Me¬ 
ridian  the  whole  Length  of  France, i rom  Dunkerque  thro9  the  Royal  Ob- 
fervatory  at  Paris ,  quite  to  the  Pyrenean  Mountains  on  the  Borders 
of  Spain.  Aftronomy  and  Geography  are  doubtlefs  much  indebted 
to  the  Encouragement  given  by  the  French  Government,  and  to  the 
Care  of  their  Mathematicians,  who  have  omitted  no  proper  Method 
for  drawing  their  Meridian,  and  correcting  it  as  they  went  on.  So  ma¬ 
ny  Obfervations  of  the  fifing  and  felting  Sun,  fo  many  equal  Altitudes 
of  the  fame  Stars  accurately  taken,  fo  many  Digreffions  of  Stars,  fo 
many  other  Obfervations  made  with  the  Tejefcopeand  good  Pendulum- 
Clocks — all  compared  together,  for  the  true  fettling  of  the  direct  Way 
of  this  famous  Meridian,  leave  no  Doubt  but  that  it  is  as  perfect  as  the 
Nature  of  the  Thing  is  capable  of.  And,  certainly,  by  the  Help  of 
this  Line,  and  the  feveral  Triangles  made  ufe  of  for  carrying  it  on,  a 
better  Map  of  France  is  made,  than  has  ever  been  of  any  Country  be¬ 
fore:  Nay,  befides,  I  believe  we  may,  at  a  Medium,  very  well  re¬ 
ceive  their  Number  of  57060,  or  57061  Toifes,  for  the  Meafure  of 
•  t  a  Degree 
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a  Degree  of  a  Meridian  of  the  Earth,  one  with  another.  But  to  lay, 
that  thofe  Gentlemen  could  obferve  the  Latitude  fo  nicely,  as  to  find  a 
Difference  in  the  Length  of  the  Terreftrial  Degrees,  and  that  only  of 
eleven  or  twelve  Toifes  ( when  they  made  it  the  lead)  or  of  thirty  one 
Toifes  ( when  they  made  it  the  mod )  is  attributing  to  them  an  Exadt- 
nefs,  fo  far  beyond  the  Nature  of  the  Indruments  which  they  made  ufe 
of,  that  it  would  be  rather  a  Difpraife  than  a  Commendation  to  infid 
upon  it. 

For  in  the  fird  Place,  the  Indrument,  with  which  they  took  Obfer- 
vations  for  the  Latitude  at  the  two  Ends  of  their  Meridian,  was  a  ten 
Foot  Sector  ( which  was  worfe  than  that  which  M.  Picard  had  made 
Ufe  of  before,  becaufe  the  Telefcope  of  his  Sector  was  of  ten  Foot, 
whereas  M  CaJJini* s  was  but  of  three  Foot,  tho’  applied  to  the  ten 
Foot  Seftor)  where  the  two  hundredth  Pai  t  of  an  Inch  anfwers  to  eight 
Seconds  of  a  Degree:  Now  the  two  hundredth  Part  of  an  Inch,  being 
one  of  the  lead  vifible  Parts  that  we  can  fee  in  a  divided  Line  *,  they 
could  not  take  an  Angle  nearer  than  that ;  nay,  their  Indrument,  ac¬ 
cording  to  their  own  Defer iption  of  it,  was  divided  but  to  every  twen¬ 
ty  Seconds.  Now  they  allow,  that  fixteen  Toifes,  upon  the  Surface 
of  the  Earth,  anfwer  to  one  Second  in  the  Heavens  ;  and  they  don’t 
pretend  to  have  taken  an  Obfervation  nearer  than  to  about  three 
Seconds,  which  therefore  cannot  determine  a  Difference  lefs  than  forty 
eight  Toifes  ;  whereas  the  Degrees  are  only  fuppofed  to  decreafe  at 
mod,  thirty  one  Toifes  each,  from  Coltioure  to  Dunkerque  But  an 
Error  of  eight  Seconds  would  make  a  Difference  of  one  hundred  and 
twenty  eight  Toifes,  on  the  Surface  of  the  Earth-,  above  ten  times 
greater  than  the  Difference  of  Degrees  in  the  fird  Suppofition,  and  four 
Times  greater  than  that  Difference  in  the  lad.  Befides,  the  Latitude 
was  not  obferved  in  the  intermediate  Places  between  Paris  and  Colli - 
oure ,  witn\the  abovementioned  Indrument  of  ten  Foot  Radius  ;  but 
they  made  ufe  of  a  Quadrant,  whole  Radius  was  only  thirty  nine  In¬ 
ches,  and  fometimes  an  Octant  of  three  Foot  Radius.  Nay,  they 
fay  themfelves,  in  their  Account,  that  it  is  not  the  Obfervations  made 
at  the  Ends  of  the  Meridian,  that  we  are  to  deduce  the  Difference  of 
the  Length  of  a  Degree  from,  but  the  Altitudes  taken  at  feveral  Pla¬ 
ces  between  the  Extreams ;  and,  if  we  grant,  that  they  can  take  an 
Angle  very  well,  to  four  or  five  Seconds,  with  the  great  Indrument, 
they  cannot  come  nearer  than  twelve  or  fifteen  Seconds,  with  the 
Quadrant  or  O&ant,  which  we  mud  depend  upon  for  the  Difference 
of  the  Meafure  of  Degrees :  So  that  upon  the  whole,  we  arc  to  de¬ 
termine  a  Length  of  thirty  one  Toifes,  by  an  Indrument  which  is  lia¬ 
ble  to  err  above  two  hundred. 

If  any  Confequences  of  this  Kind  could  be  drawn  from  a  (dual  mea- 
furing,  a  Degree  of  Latitude  fhould  be  meafured  at  the  ^Equator, 
and  a  Degree  of  Longitude  likewife  meafured  there  ;  and  a  Degree 
very  northerly,  as  for  Example,  a  whole  Degree  might  be  actually 
Vol.  VI.  1  B  b  b  meafured 
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meaiured  upon  the  Baltick  Sea,  when  frozen,  in  the  Latitude  of  fixty 
Decrees. — There,  according  to  M.  CaJJtnd s  laft  Suppofition,  a  Degree 
would  be  of  56653  Toifes,  whereas,  at  the  ^Equator,  it  would  be  of 
58019  Toiles,  the  Difference  being  1364  Toifes,  about  the  two  and 
fortieth  Part  of  a  Degree,  which  muft  be  fenfible;  and  likewife  the 
Degree  of  Longitude  would,  according  to  him,  be  of  568  17  Toifes, 
lefs~by  1202,  or  the  forty  eighth  Part,  than  a  Degree  of  Latitude  at 
the  fame  Place. 

But  here  it  may  be  objected,  that  tho’  the  Latitude  was  not  taken 
with  the  ten  Foot  Seclor,  in  the  intermediate  Places  between  Paris  and 
Collioure ,  yet  the  Latitude  was  taken  with  that  Inftrument  at  Dun¬ 
kerque ,  Paris,  and  Collioure ,  and  therefore  thefouthern  Part  of  the  Me¬ 
ridian,  containing  6°  iS'  56"  may  be  compared  with  the  northern 
Part  of  it,  which  contains  2  9  12'  i6/;;  and  that  the  former  appears 
to  contain  more  Toifes,  in  Proportion  to  the  Difference  of  Latitude 
at  its  Extremities,  than  the  latter.  To  this  may  be  anfwered,  that, 
even  in  this  Cafe,  the  Obfervations  made  cannot  be  nice  enough  to  de¬ 
termine  the  Difference  of  the  Length  of  Degrees  ;  but  there  is  another 
Error,  which  might  confiderably  miffead  the  French  Gentlemen,  and 
make  the  Degrees  appear  longer  in  the  South  of  France  \  that  is,  the 
Error  in  taking  the  true  Height  of  feveral  Mountains  in  Auvergne , 
Languedoc ,  and  among  the  Pyreneans.  For  if  they  have  allowed  too 
much  for  the  Air’s  Refradion  (which,  by  the  Obfervations  of  Tra¬ 
vellers,  is  greater  towards  the  northern  Regions,  and  diminifhes  as  we 
go  Southward)  the  Heights  of  thofe  Mountains  will  be  taken  too  lit¬ 
tle,  and  their  Bales  consequently  longer,  which  will  make  the  Degrees 
appear  bigger  than  they  are.  Let  ABCD,  for  Example,  be  a  Moun¬ 
tain,  as  the  Mountain  of  Rodez ,  in  the  Latitude  of  44°  2P,  whofe 
Height  BD  is  300  Toifes,  and  whofe  Sides  AB  and  BC  (fappofed 
to  make  an  Angle  of  26°  335  with  the  Horizonj  are  found  by  Tri¬ 
gonometry,  to  be  of  6;o,8  Toifes  each  ;  if  by  a  Miftake,  in  tak¬ 
ing  the  Height,  it  be  luppofed  only  equal  to  ED,  or  257  Toifes,  then 
the  Lines  AB  and  BC  will  become  EF  and  EG  ;  lb  that  the  Bale  AC, 
which  before  was  of  1200  Toifes,  will  become  equal  to  EG,  which 
will  appear  to  be  1279,6  Toifes,  by  Eucl.  47.  1.  Now  one  fuch  Mif¬ 
take,  in  one  Degree,  will  give  a  Difference  above  twice  as  great  as  the 
luppofed  Difference  of  Degrees  in  that  Latitude,  which  they  make  of 
31  Toifes.  And  that  there  was  a  Miftake  of  this  Kind  in  taking  the 
Height  of  that  Mountain,  I  fhall  fhew. 

The  Vapours,  that  generally  float  in  the  Air  about  the  Tops  of 
high  Hills,  make  it  fo  difficult  to  take  their  Height  exactly,  that  Ex¬ 
periments,  made  with  the  Barometer,  will,  by  obferving  the  Fall  of 
the  Mercury,  fhew  the  Height  nearer  than  any  Thing  elfe  we  know  of. 
There  were,  indeed,  feveral  Experiments  made  with  the  Barometer*, 
where  the  Differences  of  the  Fleight  of  the  Mercury,  from  the  Heights 
at  which  it  flood  at  the  Royal  Obfervatory,  are  laid  to  anfwer  to  fo 

many 
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many  Toifes  ;  but  of  nine  Obfervations  mentioned  by  M.  Coffin i 
there  are  not  two  where  the  Number  of  Toifes,  laid  to  correfpond  to 
the  Heights  of  the  Barometer,  do  agree  together. 

The  fir  ft  Experiment  of  the  Barometer  there  mentioned,  madeat 
Collioure ,  was  this,  c  At  the  Height  of  1 1  \  Toifes- above  the  Sea, 
c  the  Barometer  was  fet  up,  and  the  Mercury  flood  3  j  Lines  higher 

*  than  at  the  Royal  Obfervatpry  (in  the  Tower  of  the  eaftern  Hall) 

*  at  the  fame  Time;  and  therefore,  fince  that  Tower  is  44  Toifes 

*  higher  than  the  Sea,  3  \  Lines  of  Mercury  mu  ft  anfwer  to  221 
‘  Toifes. 

Now,  reducing  thefe  Toifes  to  Feet,  and  dividing  by  it  will  ap¬ 
pear  that  a  Height  of  58,5  Feet  will  anfwer  to  the  Falf  of  one  Line  of 
Mercury  in  the  Barometer.  Let  this  be  taken  as  the  Standard,  and  the 
other  Obfervations  be  compared  with  it.  This  may  be  done  by  the 
following  Table,  where  the  firft  Column  fhews  the  Place  where  the 
Obfervation  was  made  ;  the  fecond,  the  Fall  or  Rife  of  Mercury  at 
each  Place  exprefs’d  in  Lines,  or  12th  Parts  of  a  French  Inch*,  the 
third,  the  Heights  or  Depths  anfwering  to  thole  Lines  of  Mercury, 
which,  in  the  Memoirs,  are  given  in  Toifes,  but  here  reduced  to 
Feet ;  the  fourth,  the  Number  of  Feet  anfwering  to  one  Line  of  Mer¬ 
cury  in  each  Obfervation,  which  is  the  Quotient  of  the  Feet  in  the 
third  Column,  divided  by  the  Number  of  Lines  in  the  Second. 


Obfervations  of  the  Baro¬ 

Lines  of 

Said  to  cor - 

The  Fall  of  one  Line 

meter  made  at  ^ 

Mercury. 

refpond 
with  Feet. 

of  Mercury  an¬ 
fwer  s  to  Feet. 

I.  Collioure 

03  f 

1 95 

5S,5 

II.  The  Tower  of  Maffane. 

3i 

2382 

76,8 

III.  Bugarac 

42 

3636 

86,5 

IV.  Rupeyroux 

3° 

2181 

7  2>7 

V.  Rodez 

24 

1647 

68,6 

VI.  Rodez 

20 

1425 

7r’25 

VII.  Courlande 

54 

4812 

89,  i 

VIII.  Cofte 

54 

4890 

92,4 

IX.  Clermont 

03 

200 

66,6 

A  Sight  of  this  Table  will  convince  any  one, 

that  thefe  Obfervati- 

ons  are  not  to  be  depended  upon  for  determining  the  Height  of  the 
Mountains  in  the  South  of  France  \  for  the  Differences  are  not  fmall, 
fuch  as  might  happen  in  making  the  Experiments  *,  but  fuch  as  ren¬ 
der  the  Obfervations  ufelefs  for  the  Purpofes  abovemen tioned.  For 
Example,  the  firft  and  the  feventh  differ  almoft  4  :  And  if  53,5  Feet 
were  allowed  for  the  Fall  of  one  Line  of  Mercury  in  the  feventh  Ob¬ 
fervation,  inftead  of  944  Feet,  then  the  Mountain  of  Cofte  would  be 
but  3085  Feet,  inftead  of  4890.  Nay,  upon  examining  the  Memoirs, 
I  find  that  in  feveral  Obfervations  the  Number  of  Toifes,  faid  to  cor- 

B  b  b  2  refpond 
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rd'pond  to  a  certain  Height  of  Mercury,  are  only  anfwerable  to  the 
Height  of  the  Mountain  above  the  Level  of  the  Sea  found  by  Trigo¬ 
nometry,  from  which  the  Height  of  the  Royal  Obfervatory,  above 
the"  Sea,  is  fub  ft  rafted  •,  though,  by  the  Manner  of  the  Expreffion,  a 
curfory  Reader  would  imagine,  that  the  Number  of  Toifes  named, 
was  always  proportionable  to  the  Fall  of  the  Mercury,  and  think  all 
the  Experiments  and  Oblervations  very  accurately  made,  when  they 
feem  to  agree  fb  well  in  every  Refpeft. 

Now  after  all,  I  do  not  queftion  but  that  the  Height  of  the  Baro¬ 
meter,  might  be  as  it  is  fet  down  in  the  Memoirs,  and  well  enough 
obferved  ;  but  it  was  wrong  to  compare  the  Height  of  the  Mercury 
m  the  South  of  France ,  with  the  Height  that  the  Mercury  was  at  in 
the  Barometer  of  the  Royal  Obfervatory  at  the  fame  Time ;  for,  at 
that  great  Diftance  and  Difference  of  Latitude,  the  Weather  (and 
conlequently  the  PrefTure  of  the  Air  and  Height  of  the  Barometer  at 
the  fame  Level)  might  very  much  vary. 

Even  when  there  is  fair  Weather  all  over  France ,  it  does  not  follow 
that  the  Barometer  (hall  (land  at  the  fame  Height.  Let  us  fuppofe, 
for  Example,  that  a  North  Wind  blows :  Where-ever  the  Air  is  check¬ 
ed  by  a  Chain  of  Mountains  that  run  Eaft  and  Weft,  it  will  be  accu¬ 
mulated  over  thole  Mountains,  and  confequently  prefs  more  as  its  Co¬ 
lumns  are  higher  ;  which  will  make  the  Mercury  rife  higher  than  it 
would  do  with  the  fame  Wind,  if  there  were  no  Mountains,  or  if  they 
ran  North  and  South. 

The  Way,  to  have  made  the  Experiments  with  the  Barometer  ex¬ 
actly,  would  have  been  to  have  obferved  the  Height  of  the  Mercury 
at  the  Bottom  and  at  the  Top  of  the  Mountain,  and  that  with  a  Tube 
of  a  pretty  large  Bore  ( with  a  proportionably  large  Ciftern  for  the 
ftagnant  Mercury )  becaufe,  in  a  fmall  Tube,  the  Mercury  will  of¬ 
ten  (tick  to  the  Sides,  and  rife  irregularly,  as  it  will  alfo  in  inclined 
Barometers.  Simple  Barometers  are  the  bell:,  and  a  magnifying  Glafs 
may  be  made  ufe  of  to  obferve  fmall  Rifes  or  Falls,  having  two  fine 
and  vvell  made  Indices  to  the  Tube. 

Dr.  Halley ,  has  given  us  *  the  Falls  of  Mercury  in  the  Barometer, 
correfponding  with  the  Heights  to  which  the  Barometer  muft  be  carri¬ 
ed  to  produce  thofe  Falls.  The  firft  tenth  Part  of  an  Inch  in  the  Fall 
of  the  Mercury,  he  makes  to  anfwer  to  a  Height  of  90  Feet  ;  the 
next  tenth,  to  a  Height  fomething  greater,  and  fo  in  Proportion, 
as  the  Air  diminifhes  in  Denfity,  according  as  we  rife  in  Height.  The 
Proportion  of  the  firft  Tenth  of  the  Mercury’s  Fall,  he  has  built  up¬ 
on  the  Comparifon  of  the  different  Specifick  Gravities  of  Air  and 
Mercury  5  and  taking  Mercury  to  be  13  \  Times  heavier  than  Wa¬ 
ter,  and  Water  fin  cold  Weather)  to  be  Soo  Times  heavier  than 
Air  •,  it  follows,  that  13,  5x800,  will  give  10800  ;  which  Number, 
if  it  be  taken  in  Feet,  and  divided  by  120  (the  Number  of  the  10th 

f  See  Lowthorp’j  Abridgment,  Vol.  II.  Chap.  II.  Seft.  VIII. 
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of  an  Inch  in  a  Foot)  we  fhall  have  90  Feet  anfwerable  to  the  10th 
Part  of  an  Inch,  and  75  Feet  to  a  Line  or  the  j  2th  Part  of  an  Inch. 

Now,  as  very  few  Mountains  in  the  World  are  3  Miles  high,  and, 
generally  fpeaking,  thofe  that  we  look  upon' as  high  Hills  (except 
die  Andes ,  and  fome  others  in  America )  are  not  much  above  a  Mile 
high  ;  we  may,  for  finding  the  Height  of  Mountains,  take  a  fixed 
Number  of  Feet  in  Altitude  to  anlwer  to  every  10th  or  12th  of  an 
Inch  in  the  Fall  of  the  Mercury  ;  becaufe  90  Feet  are  by  Dr.  Halley 
only  taken  for  the  firft  Tenth,  and  greater  Heights  for  other  Tenths, 
encreafmg  with  the  Fall  of  the  Mercury.  Therefore  I  would  propofe 
another  lor  a  round  Number,  namely  96  Feet  for  every  Tenth,  and 
80  Feet  for  every  12th  of  an  Inch,  very  near  the  Number  that  1  have 
found  by  my  Calculation,  which  is  as  follows. 

Fine  Mercury  (fuchas  is  made  ufe  of  in  Barometers)  is,  generally 
fpeaking,  1 3  f  Times  heavier  than  Water ,  and,  I  found  fome  brought 
from  the  Raft- Indies,  to  be  14  Times  heavier.  I  have  found  Air  in 
Summer,  to  be  near  900  Times  lighter  than  Water  ;  and  800  Times 
in  Winter  ;  therefore  I  take  850  at  a  Medium.  Now  S50  x  13  f  = 
11606,6,  which,  divided  by  120,  gives  96,7  Feet,  for  fQ  of  an  Inch 
of  Mercury,  or  80.5  Feet  for  f  a  of  an  Inch.  This  Number,  taken 
invariable,  will,  in  taking  the  Height  of  feveral  Hi  11s,  agree  pretty 
well  with  the  Numbers  that  come  out,  when  Dr.  Halley' s  Table  is  made 
ufe  of  5  and  with  the  Experiment  made  by  the  late  Profeflor,  Mr.  J. 
Cafwell ,  who,  having  taken  the  Height  of  Snowdon  Hill  in  Caernar¬ 
von/lire  very  accurately,  and  finding  it  to  be  3720  Feet  above  the  Le¬ 
vel  of  the  Sea,  tried  how  much  lower  the  Mercury  would  Hand  in 
the  Barometer  upon  that  Hill,  than  at  the  Level  of  the  Sea,  and  ob- 
ferved  it  to  fubfide  3,9  Inches.  I  am  fenfible  that  it  will  bealledged, 
that  the  Air  will  be  denfer  than  1  may  imagine  on  the  Top  of  high 
Hills,  becaufe  of  the  great  Cold,  fince  they  are  generally  covered 
with  Snow,  but  then  we  are  to  confider,  that  when  we  are  got  a- 
bove  a  Mile  higher  than  the  Level  of  the  Sea,  the  incumbent  Atmo- 
fphere  has  lolf  almoft  a  fifth  Part  of  its  Weight;  and  therefore  the 
Air  at  the  Top  of  the  Hhli,  being  io  much  ids  pi  els  d,  vih,  notwitn— 
{landing  the  intenie  Cold,  be  more  ranfied  than  at  the  Bottom  of  the 

Hill.  °  ,  , 

Now  if  we  go  back  to  the  Obfervations  or  the  .barometer,  made  oy 

the  Gentlemen  that  drew  the  Meridian  in  France ,  we  fhall  find,  that 
on  the  Mountain  of  Rodez.,  in  the  Latitude  or  44°,  21'  the  Baro¬ 
meter  fell  24  Lines  below  the  Level  of  that  in  the  Obfervatory,  and 
thev  allowed  only  274  ■£  I  oifes  to  correfpond  to  that  rail  ;  whereas, 
according  to  Dr.  Halley' s  Proportion  of  a  T  enth  of  an  Inch  Hr  90 
Feet,  they  fhould  have  taken  300  I  oifes ;  and  tho  the  Hypotenufes 
AB,  and  BC,  Vtere  taken  longer  than  the  bare  Declivity  of  the  Moun¬ 
tain  (which  would  make  the  Error  lefs  than  the  79  Toifes  I  mentioned 
abovej  yet  if  my  Proportion  be  made  .  ule  of,  viz*  of  80  feet  for 
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each  Line  of  Mercury,  that  will  make  the  Mountain  320  Toifes, 
which,  being  higher,  will  therefore  fbew  the  Bale  to  be  yet  fhorter, 
and  confequently  the  Error,  at  that  Rate,  will  be  greater. 

This  Error  (and  fuch  like,  if  any  more  were  made J  will  encreafe 
the  Meafure  of  the  44th  Degree  of  Latitude  on  the-  Earth  *,  and  by 
observing  what  was  done  in  the  next  Degree,  we  lhall  find  that  that 
Deg  ree  was  taken  too  fhort.  In  the  Latitude  of  45 L',  38',  the  Moun¬ 
tain  of  Cofte  is  made  8  1 5  Toifes  high  ;  whereas  the  54  Lines  of  the 
falling  Mercury  in  the  Barometer,  Laid  to  anfwer  to  that  Height,  will 
give  but  705,6  Toifes  (which  we  will  call  705,5)  even  according  to 
my  Computation  of  80  Feet  to  a  Line,  which  is  the  greateft  Allow¬ 
ance.  If  we  fuppofe  this  Mountain  to  rife  in  an  Angle  of  26°,  33', 
as  we  did  that  of  Rodez,  the  Sides  of  the  Mountain,  or  Hypotenufes  AB, 
and  BC,  will  be  each  equal  to  1577,54  Toifes,  and  the  whole  Bafe 
AC,  to  2822  Toifes.  Now,  when  the  Height  of  this  Mountain  is 
called  815  Toifes,  the  Bafe  AD,  or  DC  (by  Eucl.  47.  1.)  becomes 
only  equal  to  FD  or  DG=  1350,7  Toifes  ;  and  its  Double,  orFG  the 
whole  Bafe,  will  be  but  2701,4  Toifes,  lefs  than  the  former  by  120,6 
Toifes.  This  Error  is  fo  great  (fo  much  more  than  the  Difference  of 
31  Toifes  for  a  Degree)  that  tho’  I  fuppofed  the  Lines  found  by 
Trigonometry,  which  terminate  at  the  Top  of  the  Mountain,  to  be 
much  longer  than  the  Hypotenufe  AB,  yet  there  will  be  Error  enough 
to  make  the  45th  Degree  of  Latitude  appear  much  fhorter  than  it  is. 
Suppofing  (becaufe  of  the  Length  of  the  Lines  AB,  or  the  great 
Diftance  from  which  the  Mountain  might  be  obferved)  that  thefe  Er¬ 
rors  were  four  times  lefs  than  I  made  them  ;  yet,  at  that  Rate,  one 
muff  add  near  20  Toifes  to  the  44th  Degree  of  Latitude,  and  take  a- 
way  above  30  from  the  45th  Degree,  which  will  make  the  44th  of 
57080  Toifes,  and  the  45th,  of  only  57030;  and  this  will  give  a 
Difference  of  50  Toifes  ;  fo  that  if  an  Angle  can  be  taken  to  two  or 
three  Seconds,  to  which  3  2,  or  48  Toifes,  are  faid  to  anfwer  upon  the 

Surface  of  the  Earth,  luch  a  Difference  might  be  vifible. - And 

much  more  fo,  if  other  Errors  of  the  fame  Kind  fhould  happen  to 
have  been  made  the  fame  Way  ;  or  if  thofe  Errors  were  nearer  my  firfi: 
Suppofition  than  this  lafL  Nay,  tho’  the  45th  Degree  of  Latitude 
may  be  13  Toifes  bigger  than  the  44th,  it  might  by  this  Means  ap¬ 
pear  to  be  confiderahly  lefs. 

Such  a  Miftake  might  be  the  Occafion  of  making  the  Hypothefis  of 
the  Earth  being  an  oblong  Spheroid,  efpecially  becaufe  in  this  Hypo¬ 
thefis,  the  Degrees  differ  mod  in  Length  from  one  another  about  the 
45th  Degree ;  and,  when  once  an  Hypothefis  is  fet  on  Foot,  we  are 
too  apt  to  draw  in  Circumflances  to  confirm  it ;  thos,  perhaps,  when 
examined  impartially,  they  may  rather  weaken,  than  llrengthen  our 
Hypothefis  ;  otherwile,  the  Author  of  the  Hiftory  of'  the  Royal  Aca¬ 
demy  ,  for  the  Year  1713,  would  not  have  alledged,  that  the  late  M . 
Caffini  obferved  Jupiter  to  be  oval,  as  a  Proof  of  young  M.  C  affini’ s 

n  Hypothefis ; 
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Hypothefis  ;  becrtufe  Jupiter  is  oval  the  other  Way,  that  is,  an  oblate 
Spheroid  flatted  at  the  Poles,  as  the  Paid  late Monf.  Caffini  gave  the  Pro¬ 
portion  of  the  Axis,  to  the  ^Equatorial  Diameter,  to  be  as  15  to  16. 
And  Mr.  Pound ,  with  a  Telefcope  of  123  Foot  Focus,  and  an  excel¬ 
lent  Micrometer,  has  given  thole  Proportions  as  1 1  to  1 2.  Jf  a  Proof 
is  to  be  drawn  from  Analogy,  or  what  is  obferved  in  other  Planets, 
this  mult  deftroy  M.  C  affini' s  Hypothefis,  and  confirm  Sir  Ifaac  New- 
ton's. 

The  Opinion  of  Dr.  Burnet  quoted  in  the  Memoirs,  for  the  Year 
1713,  is  but  a  very  weak  Argument  in  Favour  of  M.  Caff  ni' s  Hypo¬ 
thefis,  on  Account  of  the  Reafon  Dr.  Burnet  gave,  to  prove  the  Earth 
higher  at  the  Poles,  than  the  AHquator  *,  for  he  fays,  4v  That  the  Ve- 
44  locity  of  the  Parts  of  the  Earth,  in  its  Diurnal  Rotation,  being 
44  greater  at  the  ^Equator  than  towards  the  Poles,  all  the  Water  mult 
44  be  driven  towards  the  Alquatorial  Regions  ;  from  whence,  being 
44  repelled  by  the  Refiftance  of  the  Air,  it  muft  run  off  again  towards 
44  the  Poles  *,  and  fo  the  Figure  of  the  Water  was  lengthened  out  in- 
44  to  an  oblong  Spheroid,  and  confequently  the  Cruft  of  the  Earth 
44  over  it  did  put  on  the  fame  Figure,  &c.  " 

But  why  the  Air  fhould  refill  more  towards  the  Atquator  than  the 
Poles,  the  Dodor  did  not  give  any  Reafon  to  Ihew  *,  and,  if  it  had 
been  fo,  the  fame  Force,  that  drove  the  Water  towards  the  fEquator, 
muft  have  kept  it  there.  The  Dodor,  in  the  latter  Part  of  his  Af- 
fertion,  forgot  what  he  had  laid  in  the  former  ;  for  the  Water  could 
not  run  off  towards  the  Poles,  whilft  the  Earth  continued  its  Rotation 
with  the  fame  Velocity.  For  if  he  had  conlidered,  lie  would  have 
found  his  Argument  in  other  Words  to  be  this.  Becaufe  Bodies ,  that 
move  in  a  Circle ,  always  endeavour  to  recede  from  the  Axis  of  their  Mo¬ 
tion  ;  therefore  the  IV at sr ,  by  that  Endeavour ,  comes  nearer  to  the  Axis 
of  its  Motion  ;  which  is  abfurd.  But  Dr.  Burnet,  afterwards,  alter’d 
his  Opinion,  as  I  am  credibly  informed. 

Having  thus  given  my  Reafons  for  difapproving  of  M.  Caffini's  O- 
pinion,  concerning  the  Figure  of  the  Earth  ;  I  come  now  to  confider 
Sir  Ifaac  Newton's ,  who  makes  it  higher  at  the  Atquator,  than  at  the 
Poles  *,  but  before  I  enter  upon  it,  1  beg  Leave  to  quote  a  Paragraph 
out  of  the  Hiftory  of  the  Royal  Academy  for  1713.  Thefe  are  the 
Words  of  the  Author.  44  Realbnings  drawn  from  the  different  Lengths 
44  of  a  Pendulum  in  different  Climates,  or  from  the  Inequality  of  the 
44  Centrifugal  Force  arifing  from  the  Diurnal  Motion  of  the  Earth, 
44  arc,  perhaps,  too  nice  to  produce  a  certain  Convidion  j  nay,  per- 
44  haps,  we  are  not  well  enough  allured  of  the  Principles,  and  the 
44  Confcquences  may  fometimes  be  different.  And  therefore  it  is  evi- 
44  dent,  that  the  belt  Way  in  this  Enquiry,  is  only  (as  M.  CaJJini 
44  does)  to  make  ule  of  unqueftioned  Obfcrvations,  which  ferve  di- 
44  redly  to  decide  the  Queftion. 
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That  M.  Cajftni  has  not  made  ufe  of  unqueftionedObfervations,  and 
the  Meafures,  he  mentions,  are  not  able  to  decide  the  Qurftion,  ap¬ 
pears  from  what  I  have  already  laid.  We  mud  therefore  fhew,  whe- 
thet  the  Principles,  from  which  Sir  Ifaac  Newton  has  deduced  his  Figure 
of  the  Earth,  are  fully  proved  or  not :  Whether  the  Conclufion  drawn 
from  them  is  plain  and  evident ;  and  whether  the  Experiments  or  Pen¬ 
dulums,  that  confirm  the  Theory,  are  eafy  to  be  made,  and  may  be 
depended  upon. 

Tho*  Sir  .Ifaac  Newton ,  in  his  Principia,  has  not  endeavoured  to  give 
the  Caufe  of  Gravity,  or  to  determine  whether  it  be  owing  to  an  Im- 
pulfe  or  not  ;  yet  he  has  fhewn  what  its  Effects  and  Laws  are,  from 
plain  Experiments  made  by  others  and  himfelf.  From  the  Laws  of 
Gravity,  and  from  the  Obfervatton  of  a  Cornet  *,  he  has  deduced  the 
Annual  Motion  of  the  Earth  ;  and  it  mu  ft  have  a  Diurnal  Motion,  if 
it  has  an  Annual  one,  otherwife,  it  will  not  agree  with  the  Phenomena. 
The  Laws  of  the  Centrifugal  Force,  or  that  Force  by  which  a  Body, 
whirled  round  in  any  Circle,  endeavours  to  recede  from  the  Center  of 
its  Motion,  have  been  demonftrated  by  M.  Huygens 

Thefe  are  the  Principles  from  which  Sir  Ifaac  Newton  draws  his  Con¬ 
clufion  *,  and  tho’  fome  Perfons,  that  will  not  be  at  the  Pains  to  exa¬ 
mine  them,  may  deny  them  by  the  Lump,  yet  no  Body  has  yet  been 
able  to  fhew  any  Flaw  in  the  Demonftrations  that  relate  to  them. 


Continued  by  2*  How  the  Figure  of  the  Earth  is  deduced  from  the  Laws  of  Gra- 
tbe  fame.  '  vity  and  Centrifugal  Force,  is  very  well  fhewn  by  Dr  .John  Keil ,  in  a 
n.  387. p.339.  Book  that  he  wrote  in  the  Year  1698,  againft  Dr.  Burnet's  Theory  of 
the  Earth  ;  and  therefore  I  fhall  tranfcribe  from  him  what  he  has  faid 
upon  that  Subjeci  •,  becaufe,  otherwife,  I  fhould  only  fay  the  fame 
Thing  in  other  Words. 

I  own  indeed  that  he  has  made  a  Miflake  in  that  Book  concerning  the 
Meafure  of  the  Degrees  of  an  Ellipfe  •,  but  I  find  that  all  that  relates 
to  the  oblate  Spheroidical  Figure  of  the  Earth  is  right  ;  and  the  little 
Difference  of  taking  1 5  Paris  Feet  for  the  Space  that  a  Body  falls  thro’ 
in  a  Second,  infteadof  15  Feet  1  Inch  and  2  Lines,  and  a  Number  of 
Feet,  a  little  lefs  than  true,  for  the  Diameter  of  the  Earth  ( which 
was  not  fo  well  known  at  that  Timej  will  no  way  invalidate  his  De- 
monftration  and  Proof.  Here  follow  his  Words. 

“To  prove  the  Earth  to  be  higher  at  the  ^Equator  than  at  the 
“  Poles,  I  will  fuppofe  firft,  that,  at  the  Beginning  of  the  World, 
“  the  Earth  was  fluid  and  fpherical ;  but  afterwards  God  Almighty 
“  having  given  it  a  Motion  round  its  own  Axis,  all  Bodies  upon  the 
44  Earth  would  defcribe  either  the  ^Equator,  or  Circles  parallel  to  the 
44  ^Equator,  and,  by  Confequence,  all  would  endeavour  to  recede 
“  from  the  Center  of  their  Motion. 


*  Princip.  Lib.  3.  Prop .  12,  13,  &  42. 
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<c  It  is  to  be  here  obferved,  that  if  a  Body  doth  freely  revolve  in  a 
“  Circle  about  a  Center,  as  the  Planets  do  about  the  Sun,  that  its 
tc  Centripetal  Force  (or  that  Force  by  which  it  is  drawn  towards  the 
cc  Center)  is  always  equal  to  its  Force,  by  which  it  doth  endeavour  to 
ct  recede  from  the  Center  •,  for  the  Force,  which  detains  a  Body  in 
“  its  Orbit,  mud  be  equal  to  the  Force  by  which  it  endeavours  to 
“  recede  from  its  Orbit,  and  fly  off  in  the  Tangent.  This  may  be 

clear  by  Example  of  a  Body  turned  round  a  Center  by  the  Help 
46  of  a  Thread,  which  detains  the  Body  in  its  Orbit*,  the  Thread, 

44  being  flretched  by  the  Motion  of  the  Body,  will  endeavour  to 
c<  contradi  itfelf  equally  towards  both  Ends,  by  which  it  will  pull 
44  the  Center  as  much  towards  the  Body,  as  it  doth  the  Body  towards 
44  the  Center. 

“  Now  this  Centrifugal  Force  is  always  proportional  to  the  Peri- 
4C  phery,  which  each  Body  defcribes  in  its  diurnal  Motion  by  the 
cc  find  Theorem  of  Hugenius  de  Vi  Centrifuga :  So  that  under  the  /E- 
44  quator,  which  is  the  biggefl  Circle,  the  Centrifugal  Force  would 
44  be  greatefl,  and  ftill  grow  lefs  as  we  approach  the  Pole,  where  it 
44  quite  vanifheth,  there  being  there  no  diurnal  Rotation.  And 
44  without  doubt,  all  Bodies  having  this  Centrifugal  Force,  by  which 
44  they  endeavour  to  recede  from  the  Center  of  their  Motion,  would 
44  fiy  off  from  the  Earth,  if  they  were  not  kept  in  their  Orbit 
66  by  their  Gravity,  or  that  Force  by  which  they  are  preffed  towards 
44  the  Center  of  the  Earth,  which  is  much  flronger  upon  our  Earth 
44  than  the  Centrifugal  Force*,  and  becaule  the  Gravity  upon  the 
44  Surface  of  the  Earth  is  always  the  fame,  but  the  Centrifugal  Force 
“  alters  and  grows  lefs,  the  nearer  we  come  to  the  Poles,  it  is  plain 
4 4  that  the  Gravity  under  the  ./Equator,  having  a  greater  Force  to 
44  oppofe  it,  than  that  which  is  near  the  Poles,  will  notadl  fo  ftrong- 
44  ly  in  the  one  Place  as  in  the  other,  and  confequently  Bodies  will 

44  not  be  fo  heavy  under  the  ./Equator  as  at  the  Poles. - If  the  Fig.  Ig6. 

“  Circle  /E  P  QJ?  reprefent  the  Earth,  IE  Qjthe  /Equator,  and  P  P 
44  the  Poles,  if  C  be  a  Body  in  the  /Equator,  it  is  evident  that  it  will 
44  be  pulled  by  two  contrary  Forces ;  namely,  that  of  its  Gravity, 

44  which  pulls  it  towards  the  Center,  and  that  of  its  Centrifugal 
44  Force,  which  pulls  it  from  it.  Now,  if  both  thefe  Forces  were 
44  equal,  it  is  evident  it  would  go  neither  of  thefe  Ways  *,  but  if  one 
cc  were  flronger  than  the  other,  it  would  move  where  the  flrongefl 
4<  Force  pulls  it,  but  only  with  a  Velocity  which  is  proportional  to 
cc  the  Differences  of  thefe  two  Forces,  and  therefore  it  would  not 
44  defcend  fo  fafl  as  if  there  were  no  Centrifugal  Force,  pulling  a- 
44  gainft  it  *,  that  is,  a  Body  in  the  /Equator,  does  prels  lefs  towards 
44  the  Center,  than  at  the  Pole,  where  there  is  no  Centrifugal  Force 
“  to  leffen  its  Gravity.  Bodies  therefore,  of  the  fame  Denfity,  are 
“  not  fo  heavy  in  one  Place  as  in  the  other. 
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44  Now  in  a  fpherical  Fluid,  all  whole  Parcs  gravitate  towards  the 
44  Center,  I  think  it  is  evident  from  the  Principles  of  Hydroftaticks 
k4  and  Fluidity,  that  all  thofe  Bodies,  which  are  equally  diftant  from 
44  the  Center,  mud  be  equally  prefted  with  the  Weight  of  the  in- 
44  cumbent  Fluid,  and  if  one  Part  come  to  be  more  prelTed  than 
44  another,  that  which  is  moll  prelTed  will  thruft  that  out  of  its  Place 
*4  which  isleaft,  till  all  the  Parts  come  to  an  /. Equilibrium  one  with 
44  another ;  and  this  is  known  by  a  common  and  eafy  Experiment, 
44  If  you  take  a  recurved  Tube,  and  fill  it  with  Water  or  any  other 
44  Fluid,  it  will  rife  equally  in  both  Legs  of  the  Tube,  fo  that  the 
44  Surfaces  CE  and  F  I  are  equally  prelTed  by  the  incumbent  Co- 
44  lumns  B  CED,  and  GFIHj  but  if  one  of  the  Legs  of  this 
44  Tube  fhould  be  filled  with  Oil,  or  fome  other  lighter  Fluid,  and 
44  the  other  with  Water,  the  lighter  Fluid  will  rife  higher  than  the 
44  other,  for  otherwife,  thefe  Surfaces,  which  are  equally  diftant 
44  from  the  Center,  would  not  be  equally  prelTed. 

44  Juft  fo  if  PPF  M  PS,  reprefents  a  fluid  Sphere,  which  we  may 
44  imagine  compofed  of  a  great  many  communicating  Canals  or 
44  Tubes,  the  Fluid  in  every  one  of  which  prefies  upon  the  Center  ; 
44  now  if  the  Fluid,  in  every  one  of  thefe  Tubes,  was  of  equal 
44  Weight  or  Gravity,  it  is  plain,  that,  by  that  means,  they  would 
44  alfo  be  of  an  equal  Height  from  the  Center  ;  for  by  that  means 
44  only,  would  the  Center  be  equally  prelTed  by  the  Weight  of  all 
44  the  Tubes  but  if  the  Fluid,  in  the  Canal  ^OM,  were  lighter 
44  than  the  Fluid  in  the  Canal  POS,  it  is  plain,  that  in  this  Cafe,  the 
44  Fluid  P  OS,  prelfing  more  on  the  Center,  than  the  Fluid  in  the 
44  Canal  T  O  M,  the  Surface  of  the  Fluid  JE  O  M,  will  rife  to  a 
44  greater  Height  or  Diftance  from  the  Center  *,  fo  that  by  its  great- 
44  er  Height,  which  -recompenfes  its  leflfer  Gravitation,  it  will  prefs 
44  equally  upon  the  Center  with  the  Fluid  in  the  Canal  POS.  Af- 
44  ter  the  fame  manner,  if  the  Fluid  in  the  Canal  G  O  H,  were 
44  heavier  than  the  Fluid  in  the  Canal  JE  O  M,  but  lighter  than  that 
44  which  is  in  POS,  then  would  the  Canal  GOH  be  fhorter  than 
4\  JE  O  M,  but  longer  than  P  O  S,  and  the  Figure  compofed  of  all 
44  thefe  Tubes,  would  be  in  the  Form  of  a  Spheroid  which  is  gene- 
44  rated  by  the  Circumrotation  of  a  Semi-ellipfis  round  its  Axis  ; 
44  but  as  1  have  already  fhewed,  that  if  JE  O  M  reprefent  the  Semi- 
44  diameter  of  the  ./Equator,  that  all  Bodies  in  it  are  lighter  than  in 
44  P  O  S,  the  Axis  of  the  /Equator,  we  take  the  Diameter  and  Axis 
44  here,  not  as  pure  Mathematical  Lines,  but  as  fmall  Canals  or 
Tubes,  and  juft  fo  thofe  Bodies  which  are  in  the  Tube  GOH, 
44  I  have  proved  to  be  lighter  than  thofe  in  POS,  but  heavier  than 
44  the  Bodies  which  are  in  JE  O  M,  the  Centrifugal  Force  in  GH 
44  being  lefs  than  that  which  is  in  IE  M,  and  there  is  no  Centrifugal 
44  Force  fn  the  Poles  PS.  It  is  plain,  therefore,  that  the  Tube 
44  IE  O  M  v/ill  be  longer  than  G  O  FI,  and  GOH  will  be  longer 
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5C  than  POS,  that  is,  the  Diameter  of  the  /Equator,  will  be  longer 
“  than  the  Axis  of  the  Earth,  and  confequently  the  Figure  of  the 
<<  Earth  will  oe  after  the  Fafhion  of  a  broad  Spheroid,  which  is  ge- 
“  nerated  by  the  Rotation  of  a  Scmi-ellipfis  round  its  lefier  Axis.  This, 
tc  I  hope,  will  be  fufficient  to  convince  the  Fheoriji  of  the  Falfenefs  of 
“  his  own  Affertion,  fince  it  is  plain  Demonftration,  than  an  Earth, 
“  formed  from  a  Chaos,  muft  have  a  very  different  Figure  from 
C£  what  he  fuppofes  it  had. 

cc  But  I  will  now  proceed  farther,  and  enquire  how  much  the  Gra- 
“  vity  is  diminifhed  at  the  /Equator,  or  any  other  Parallel  by  theCen- 
««  trifugal  Force,  which  all  Bodies  acquire  by  being  turned  round  the 
“  Earth’s  Axis,  that  from  thence  we  may  endeavour  to  determine, 
“  what  Proportion  the  Diameter  of  the  Earth’s  /Equator  hath  to  its 
<•  Axis  *,  to  calculate  which,  I  will  Hrft  fuppofe,  that  the  mean  Semi- 
t£  diameter  of  the  Earth  is  19615800  Paris  Feet,  according  to  the 
“  late  Obfervations  of  the  French  Mathematicians,  and  fince  the  Earth 
cc  turns  round  its  Axis  in  the  Space  of  23  Flours,  56',  for  in  that 
<c  Time,  the  fame  Meridian  returns  to  the  fame  immoveable  Point  of 
“  the  Heaven  again  (but  the  Sun,  in  the  mean  time,  feeming  to  be 
et  moved  a  Degree,  according  to  the  Series  of  the  Signs,  is  the  Caufe 
<<  why  there  are  four  Minutes  more  required  before  the  Meridian  can 
c£  overtake  him)  from  thence  it  follows,  that  a  Body,  under  the  /E- 
Equator,  moves  through  1426,88  Feet,  in  the  Space  of  one  Second 
“  of  Time.  Now,  according  to  the  Theorem  given  us  by  Sir  Ifaac 
cc  Newton  in  his  Philofophice  Naturalis  Principia  Mathematica ,  Schol. 
cc  Prop.  4.  Lib-  1.  the  Centrifugal  Force  of  any  Body  has  the  fame 
“  Proportion  to  the  Force  of  Gravity,  that  the  Square  of  the  Arch, 
«  which  a  Body  deferibes  in  a  given  Time,  divided  by  its  Diameter,  has 
“  to  the  Space,  through  which  a  heavy  Body  moves,  in  falling  from 
ce  a  Place  in  which  it  was  at  Reft  in  the  fame  Time  •,  and  fuppofing  a 
cc  heavy  Body  falls  15  Foot  in  a  Second  of  Time,  by  Calculation,  it 
<£  will  from  thence  follow,  that  the  Force  of  Gravity  has  the  fame 
<£  Proportion  to  the  Centrifugal  Force  at  the  /Equator,  that  289  has 
“  to  Unity  ;  and  therefore  by  this  Centrifugal  Force  which  arifes  from 
“  the  Diurnal  Rotation  of  the  Earth  round  its  Axis  *,  any  Body,  pla¬ 
ce  ced  in  the  Equator,  lofes  ^89  Part  of  its  Gravity,  which  it  would 
<£  have  were  the  Earth  at  Reft,  or  which  is  the  fame  1  hing,  a^  heavy 
<  C  Body  placed  at  either  of  the  Poles  (where  there  is  no  Diurnal  Rota- 
“  tion,  and  confequently  no  Centrifugal  Force)  which  weighs  289 
cc  Pounds,  if  it  were  brought  to  the /Equator,  would  weigh  only  288 

“  Pounds.  , 

C£  Flaving  thus  determined  the  Proportion  of  the  Centrifugal  force, 

C£  at  the  /Equator,  to  the  Force  of  Gravity,  it  will  be  ealy  from  thence 
C£  to  fhew  their  Proportions  in  any  Parallel  *,  for  it  is  compounded  of 
Cc  the  Proportion  of  One  to  289 >  and  of  the  Co-fine  of  the  Latitude 
“  to  the  Radius  5  for  if  two  Bodies  deferibe  different  Peripheries  in  the 
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u  fame  Time,  their  Centrifugal  Forces  are  proportional  to  their  Pe- 
44  ripheries,  or  to  the  Semi-diameters  of  thefe  Peripheries,  as  is  de- 
44  termined  by  M.  Huygens ,  in  his  Theoremata  de  VI  Centrifuga  Cd  Mo - 
44  tu  circulari  \  but  the  Periphery  which  a  Body  in  the  /Equator  de- 
44  feribes,  has  its  Semi-diameter  equal  to  the  Radius  cr  Semi-diameter 
44  of  the  Earth,  and  in  any  other  Place,  the  Parallels,  in  which  Bodies 
44  move,  have  the  Co-fines  of  their  Latitude  for  their  Semi-diameters, 
44  and  therefore  it  will  follow,  that  the  Force  of  Gravity  is  to  the  Cen- 
44  tritugal  Force  in  a  Proportion,  compounded  of  the  Radius  to  the 
44  Co- fine  of  the  Latitude,  and  of  289  to  1.  and  therefore  at  theLa- 
44  titude  of  51°  46'  (for  Example)  it  will  be  as  466  to  1. 

44  But  we  muft  obferve,  that  it  does  not  from  thence  follow,  that  a 
44  Body  in  that  Latitude  lofes  Part  of  its  abfolute  Gravity,  which 
44  it  would  have,  were  the  Earth  at  Reft.  For  that  could  not  be,  un- 
44  lefs  the  Centrifugal  Force  aded  diredly  contrary  to  the  Force  of  Gra- 
44  vity,  which  it  doth  no  where  but  at  the  /Equator ;  for  let  the  Circle 
44  QPE  reprefent  the  Earth,  QE  the  Diadeter  of  the  /Equator,  O 
44  its  Center,  and  let  B  reprefent  a  Body,  which  wefuppofe  to  hang  by 
44  the  Thread  AB,  and  to  be  placed  any  where  between  the  Pole  P  and 
44  the  /Equator  Q,  and  let  BD  be  drawn  perpendicular  to  the  Axis.  It 
44  is  plain,  that  if  the  Earth  had  had  no  Diurnal  Rotation,  the  Body 
44  B  would  draw  the  Thread  AB  into  the  Pofition  of  AC,  fince  by  that 
44  Means  it  defeends  as  near  as  it  can  to  the  Center,  and  there  it  would 
4C  ftretch  the  Thread  with  all  the  Force  of  its  Gravity  *,  or  if  we  will 
44  fuppofe,  that  the  Centrifugal  Force  aded  according  to  the  fame  Di- 
44  redion  AC,  it  would  then  diredly  oppofe  the  Force  of  Gravity, 
44  and  the  Thread  would  remain  in  the  fame  Pofition,  but  it  would  be 
44  ftretched  with  a  Force  proportional  to  the  Differences  of  thefe  two 
44  Forces. 

44  But  becaufe  the  Body  B  turns  round  the  Center  D,  it  will  endea- 
44  vour  to  recede  from  it  according  to  the  Line  CB,  in  which  Diredi- 
44  on  the  Centrifugal  Force  ading,  it  will  not  diredly  oppofe  the  Force 
44  of  Gravity,  but  it  will  draw  the  Thread  from  the  Pofition  AC  into 
44  the  Pofition  AB,  let  BG  be  drawn  perpendicular  to  AC;  if  BC  re- 
44  prelent  the  Centrifugal  Force,  ading  according  to  the  Diredion  BC, 
44  it  is  equivalent  (as  is  commonly  known)  to  two  Forces,  one  of  which 
44  is  as  GC,  and  ads  according  to  the  Diredion  CG,  which  is  contra- 

ry  to  that  by  which  it  defeends  to  O  ;  the  other  is  as  GB,  and  ads 
44  according  to  the  Diredion  GB,  which  is  no  Way  contrary  to  the 
44  Force  of  Gravity.  If  therefore  BC  reprefent  the  total  Centrifugal 
44  Force  of  the  Body  B,  that  Part  of  it,  which  diredly  oppofesthe  Force 
44  of  Gravity,  v/ill  be  GC;  from  whence  it  follows,  that  the  Decreafe 
44  of  Gravity,  in  going  from  the  Pole  to  the  /Equator,  is  always  as 
44  the  Square  of  the  Co-fine  of  the  Latitude  *,  for  draw  BH  parallel  to 
44  the  Axis  PP,  and  becaufe  the  Triangles  HCB,  CDO  are  Equi-an- 
44  gular,  therefore  HC  is  to  CB  as  CO  is  to  CD,  or  as  op  is  to 
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cc  CD,  but  Qp  Is  to  CD  as  the  Decreafe  of  Gravity  at  Q  is  to  the  Cen- 
<c  trifugal  Force  at  C.  And  therefore  HC  is  to  CB,  as  the- Decreafe 
n  of  Gravity  at  QJs  to  the  Centrifugal  Force  at  C.  But  if  CB  re¬ 
el  prcfent  the  Centrifugal  Force  at  C,  GC  will  reprefent  that  Part  of 
<c  jt  which  ads  directly  againft  the  Force  of  Gravity,  and  consequently 
44  theD  ecreafe  of  Gravity  at  the  ^Equator  is  to  the  Decreafe  of  Gra¬ 
ce  vity  at  C,  as  HC  is  to  GC  ;  now  HC  is  to  GC,  in  duplicate  Pro¬ 
ce  portion  of  HC  to  CB,  or  of  CO  or  OQ^to  CD  by  the  8  th  of  the  6th 
“  of  Euclid^  and  therefore  the  Decreafe  of  Gravity  at  Q^is  to  the  De- 
cc  creafe  of  Gravity  at  C,  as  the  Square  of  CO  is  to  the  Square  of 
“  CD,  which  was  to  be  demonflrated- 

From  whence,  it  is  plain,  that  if  HC  reprefent  the  Decreafe  of 
cc  Gravity  at  the  Equator,  and  GC  its  Decreafe  at  C,  then  will  GH 
<c  reprefent  the  Difference  of  thefe  two  Diminutions,  or  the  Difference 
“  between  the  Gravity  at  Q^,  and  the  Gravity  at  C,  but  HC  is  to  MG 
cc  in  duplicate  Proportion  of  HC  to  HB,  or  of  OC  to  DO  •,  that  is, 
«  the  Decreafe  of  Gravity  at  the  ^Equator  is  to  its  Encreafe  at  C,  as 
the  Sauare  of  the  Radius  is  to  the  Square  of  the  Sine  of  the  Latitude. 
c<  By  this  alfo  it  will  appear,  that  the  Direction  of  heavy  Bodies  is 
<c  not  to  the  Center  of  theEarth,  as  has ‘been  always  fuppofed  ;  for  if 
«  we  take  a  heavy  Body  and  hang  it  by  a  Thread,  the  Thread  produced 
cc  will  not  pafs  through  the  Center  any  where  but  at  the  Poles  and  the 
cc  /Equator,  for  in  the  Figure  the  Thread  is  carried  by  the  Centri- 
“  fup-al  Force  of  the  Body  B,  from  the  Pofition  AC  into  the  Pofition 
Ct  AB,  where  it  will  reft. 

cc  Now  to  determine  the  Angle  CAB,  which  the  Line  of  Direction 
cc  of  the  Body  makes  with  the  Line  AC,  let  AN  be  drawn  parallel  to 
“  BC,  and  produce  OB  till  it  meet  with  it  in  N,  and  let  us  confider  the 
cc  Body  B  as  drawn  by  three  Powers,  according  to  three  different  Di¬ 
ce  redions  BO,  BL,  and  AB,  the  Power  which  pulls  it,  according  to 
“  BO,  is  its  Gravity,  that  vv  hich  draws  it,  according  to  the  Diredion 
BL,,  is  its  Centrifugal  Force,  and  that  which  ads  according  to  AB, 
“  is  the  Strength  of  the  Thread,  by  which  the  Body  is  hindered  to  move 
cc  according!;  to  either  of  the  two  other  Diredions,  and  therefore  it  is  an 
44  Equilibrium  with  the  other  two  Powers  *,  but  by  a  Theorem  which 
44  is  demonflrated  by  feveral  of  the  Writers  of  Mechanics,  but  parti- 
4C  cularly  by  M.  Huygens  in  his  fmal-1  Treatife  De  Potentiis  per  Fila  tra- 
44  hentibus.  If  a  Body  be  pulled  by  three  different  Powers  which  are  in 
“  Equilibrio  with  one  another,  according  to  three  different  Diredions,. 
44  AB,  BL  and  BO,  thefe  three  Powers  will  be  as  the  three  Sides  of  the 
44  Triangle  ABN,  viz.  as  AB,  AN  and  BN  refpedively  j  or  as  AB, 
44  BC  and  AC  •,  BN  being  very  near  parallel,  and  confequently  equal 
44  to  AC,  fmee  they  do  not  meet  but  at  a  great  Diflance.  I  rom  hence 
44  it  follows,  that  the  Force  of  Gravity  is  to  the  Centnkigal  Force,  as 
44  AC  to  BC.  But  a  Method  has  been  already  fhewn,  how7  the  Pro- 

46  portion  of  the  Force  of  Gravity  to  the  Centrifugal  Force  may  be 

44  determined. 
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“  determined,  and  therefore  the  Proportion  of  AC  to  BC  may  be  al- 
tc  fo  determined,  which  at  the  Latitude  of  51  °  46'  is  as  446  to  1. 
tc  Therefore  in  the  Triangle  ABC,  the  Proportion  of  AC  to  BC  is 
4C  known,  and  the  Angle  ACB  being  equal  to  the  Angle  COQ,  which 
tc  is  fubtended  by  the  Arch  CQ^  the  Latitude  of  the  Place,  from 
cc  thence  by  the  Tables  of  Sines  and  Tangents,  the  Angle  BAC  may 
44  be  known,  which  in  the  abovementioned  Latitude  is  about  5  Mi- 

44  nutes.  - 

44  From  hence  alfo  it  will  appear,  that  it  is  not  the  Line  AC,  which 
'«  being  produced  pafies  through  the  Center,  but  the  Line  AB  that  is 
44  perpendicular  to  the  Curve  PCT,  for  all  the  Particles  of  the  Fluid 
44  will  fettle  themfelves  in  fucha  Pofition,  that  their  Lines  of  Direcfi- 
44  on  downwards,  muft  be  perpendicular  to  the  Surface  of  the  Body 
44  which  they  compofe,  for  otherwife  the  Parts  of  the  Fluid  would 
44  not  be  in  Mquilibrio  one  with  another,  and  therefore  altho’  die 
44  Lines  of  Direction  of  heavy  Bodies  do  not  pafs  through  the  Center 
44  of  the  Earth,  yet  are  they  ftill  perpendicular  to  their  Horizons ;  and, 

44  upon  this  Account,  there  cou’d  arife  no  Error  in  levelling  of  Lines, 

44  and  in  finding  the  Rifings  and  Fallings  of  the  Ground. 

44  Upon  this  Account  alfo  it  will  appear,  that  the  Surface  of  the 
44  Earth  is  not  fpherical,  for  if  it  were,  then  would  all  Lines,  drawn 
44  from  the  Center,  be  perpendicular  to  the  Surface  of  the  Earth,  fince 
44  it  is  the  known  Property  of  a  Sphere,  that  they  muft  be  fo  ;  but  I 
44  have  already  ftiewed,  that  it  is  not  fo  in  the  Earth,  and  therefore  it 
44  is  plain,  that  the  Earth  is  not  a  Sphere.  That  therefore  I  may  en- 
44  quire  more  particularly  into  the  Figure  of  the  Earth,  I  will  refume 
44  my  former  Hypothefis,  that  the  Earth  is  compofed  of  an  infinite 
44  Number  of  Canals,  which  communicate  with  one  another  at  the 
44  Center,  and  are  equiponderant,  of  which  we  will  confider  two,  as 
44  OQjmd  OC,  and  let  OQ be  —  r,  OD  =  x  and  DC  =  y,  let  the 
44  abfolute  Gravity  be  called  p,  and  the  Centrifugal  Force  at  the  JE- 

44  qua  tor  n.  OC  is  equal  to  \/  x2  xy2  the  Weight  of  the  Canal,  OQ 
44  is  equal  to  the  abfolute  Gravity  of  the  whole  Canal  minus  the  Centri¬ 
st  fugal  Force  of  each  Particle  contained  in  it,  and  becaufe  the  Centri- 
44  fugal  Force  of  each  Particle  is  as  its  Diftance  from  the  Center,  and 
44  therefore  it  encreafes  in  an  Arithmetical  Progreffion,  the  greateft  of 
44  which  is  n,  confequently  the  Sum  of  all  the  Centrifugal  Force  is  e- 
44  qual  to  ~  n  r,  but  upon  the  Hypothefis,  that  Gravity  is  the  fame  at 
44  all  Diftances  from  the  Center,  the  abfolute  Gravity  of  the  Canal  OQ_ 
44  is  p  r,  and  therefore  its  real  Weight  upon  the  Center  OQjs pr —  ~ 
44  n  r,  after  the  fame  Manner,  the  abfolute  Gravity  of  the  Canal  OC 
sc  is px  V  x  2  -F  y'2  but  the  Sum  of  all  the  Centrifugal  Forces  of  all 
44  the  Fluids  in  the  Canal  OC,  is  equal  to  the  Centrifugal  Force  of  the 
44  Fluid  in  CD  (as  may  be  eafily  proved  from  the  Confideration  of  in- 
“  dined  Planes)  but  the  Centrifugal  Force  at  C, being  to  the  Centrifugal 
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“  Force  at  as  CD  is  to  OQjfthat  is,  as  y  is  to  r)  the  Centrifugal 

n  y 

44  Force  at  C  will  be  equal  to—,  and  becaufe  the  Centrifugal  Force 

r 

44  of  each  Particle  is  as  its  Diftance  from  the  Point  D,  which  is  the  Cen- 
44  ter  of  the  Circle  that  the  Fluid  in  the  Canal  CD  defcribes,  and 
44  therefore  the  Centrifugal  Forces,  in  counting  from  the  Point  D, 
44  mud  encreafe  in  an  Arithmetical  Progreffion,  the  greateft  of  which 

11  y  .  r  . 

44  is  — ,  and  therefore  the  Sum  of  all  the  Centrifugal  Forces  in  CD 
r 


n  y  y 

44  muft  be  equal  to - ,  therefore  the  Weight  of  the  Canal  OC  is  =/; 

2  r 

_  ny  y 

44  x2~hy2  — \ - z=zpr  —  -  nr,  which  Equation  expreftes  the 

r 

44  Nature  of  the  Curve  that  is  made  by  the  Sedlion  of  the  Earth  with 
44  a  Plane  through  its  Poles,  and  by  this  the  Proportion  of  the  Axis  of 
44  the  Earth,  to  the  Diameter  of  the  ^Equator,  may  be  eafily  deter- 
44  mined  ;  for  when  CO  coincides  with  OP,  then  CD  or  y  becomes  e- 

4c  qual  to  nothing,  and  the  Equation  is  p  y/  x 2  =  p  r  —  ~  nr  ox:  px= 
“  pr —  -  nr,  and  therefore  by  the  16th  of  the  6th,  p  has  the  fame 
44  Proportion  to  p  —  \  n  that  r  has  to  x,  or  QQ^to  OD,  but  p  is  to 
“  p  —  \  n  as  289  is  to  288  or  as  578  is  to  577,  which  therefore  is 
“  the  Proportion  of  the  greateft  Diameter  of  the  Earth  to  the  lead  ; 
“  but  this  is  upon  Suppofition,  that  Gravity  is  the  fame  at  all  Diftan- 
ces  from  the  Center  •,  but  if  we  will  fuppole,  that  the  Gravity  of 
“  Bodies  without  the  Earth  is  in  a  Proportion  reciprocal  to  the  Squares 
4C  of  their  Diftances  from  the  Center,  the  Gravity  of  thofe  Bodies, 
44  which  are  within  the  Earth,  will  be  diredtly  as  their  Diftance,  both 
44  which  do  beft  agree  with  the  obferved  Phaenomena  of  Nature;  then 
44  will  the  Gravity  at  the  ^Equator  be  to  the  Gravity  at  the  Poles  as 
44  689  to  692,  which  Numbers,  in  this  Hypothefts,  do  alfo  exprefs 
44  the  Proportion  of  the  Diameter  of  the  Earth,  drawn  through  its 
44  Poles,  to  its  Diameter  drawn  in  the  Plane  of  the  ^Equator. 

44  It  is  upon  the  Account  of  this  Diminution  of  Gravity,  according 
4C  as  we  approach  the  ^Equator,  that  Pendulums  of  the  fame  Lengths 
44  in  different  Latitudes  take  different  Times  to  perform  their  Vibrari- 
44  ons  *,  for  becaufe  the  accelerating  Force  of  Gravity  is  lefs  at  the  7E- 
44  quator  than  under  any  Parallel,  and  under  any  Parallel  it  is  if  ill  Ids 
44  than  under  another  which  is  nearer  the  Poles;  it  does  plainly  from 
44  thence  follow,  that  a  Body  placed  in  the  TEquator,  or  in  any  other 
44  Parallel,  will  take  a  longer  Time  to  defcend  thro’  an  Arch  of  a  giv- 
44  en  Circle,  than  it  would  do  at  the  Poles,  and  the  farther  a  Body  is 
44  removed  from  the  Poles,  the  longer  Time  it  will  take  to  defcend  thro’ 
44  any  given  Space.  44  From 
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44  From  hence  it  follows,  that  the  Length  of  Pendulums,  which 

44  perform  their  Vibrations  in  equal  Times  in  different  Latitudes,  are 
44  directly  as  the  accelerating  Forces  of  their  Gravities  *,  for  the  Time 
44  a  Body  takes  to  deicend  through  hn  Arch  of  a  Cycloid,  is  to  the 
4 4  Time  it  will  take  to  fill  through  the  Axis  of  the  Cycloid  always  in 
tc  a  given  Proportion,  viz.  as  the  Semi-periphery  of  a  Circle  is  to  its 
cc  Diameter,  by  the  25th  Prop,  of  Huy  gen' s  Horologium  0 [dilatorium  ; 
44  and  therefore  when  the  Times  in  which  a  Body  delcends  through  the 
44  Axes  of  two  different  Cycloids  are  equal,  the  Times  of  theDefcent 
44  through  the  Cycloids  will  be  al!'o  equal  ;  but  when  the  Times  of  the 
44  Defcent  through  the  Axes  are  unequal,  thefe  Axes,  and  confequent- 
44  ly  the  Lengths  of  the  Pendulum  which  vibrates  in  thefe  Cycloids,  are 
44  proportional  to  the  accelerating  Forces  of  their  Gravities. 

44  By  this  if  we  know  the  Length  of  a  Pendulum  which  performs  its 
44  Vibrations  in  a  given  Time,  in  any  one  Part  of  the  Earth,  it  is  eafy 
44  to  determine  the  Length  of  a  Pendulum,  which  performs  its  Vibra- 
44  tions  in  the  fame  Time  in  any  other  Part  of  the  Earth  ;  as  for  Ex- 
44  ample,  the  Length  of  a  Pendulum,  which  vibrates  Seconds  at  Pa - 
4t  m,  is  three  Foot  eight  Lines  and  a  half,  let  it  be  required  to  find 
44  the  Length’ of  a  Pendulum,  which  vibrates  Seconds  at  the  /Equator. 
44  Becaufe  the  Gravity  at  the  Poles  is  to  the  Gravity  at  the /Equator,  as 
44  692  is  to  689  *,  therefore  the  Decreafe  of  Gravity  at  the  /Equator  is 
44  -6%2  Parts  of  the  whole  Gravity  ;  but,  as  I  have  before  demonftrat- 
44  ed,  the  Decreafe  of  Gravity  at  the  /Equator  is  to  its  Encreale  in  any 
44  other  Latitude,  as  the  Square  of  the  Radius  is  to  the  Square  of  the 
44  Sine  of  the  Latitude  •,  now  the  Latitude  of  Paris  being  48°  45',  its 
44  Sine  is  75. 183,  and  therefore  the  Square  of  the  Radius  is  to  the  Square 
44  of  the  Sine  of  the  Latitude  as  1000000  to  565248,  but  as  1000000 
44  is  to  565248,  fo  is  3,000  the  Number,  which  reprefen ts  the  Decreafe 
44  of  Gravity  at  the  .Equator,  to  1,695,  the  Number  which  reprefents 
64  its  Encreafe  at  PariSy  which  added  to  689  the  Gravity  at  the  Equa- 
44  tor,  makes  690,695,  the  Number  which  will  reprefent  the  Gravity 
44  at  Paris .  But  I  have  already  fhew’d,  that  as  the  Gravity  at  Paris 
44  is  to  the  Gravity  at  the  Equator,  fo  is  the  Length  of  a  Pendulum 
44  which  vibrates  Seconds  at  Paris ,  to  the  Length  of  a  Pendulum  that 
4C  vibrates  Seconds  at  the  Equator,  that  is,  as  690,  695  to  689,  fo  is 
4C  36,708  the  Length  of  a  Pendulum  at  Par'iSy  which  performs  its  Vi 
44  bration  in  a  Second  to  36,616,  which  therefore  is  the  Length  of  a 
4t  Pendulum  which  performs  its  Vibrations  in  a  Second  at  the  Equator; 
44  fo  that  the  Difference  between  thefe  two  Pendulums  is  f -00  Parts  of 
44  an  Inch,  which  comes  pretty  near  the  Obfervations  of  Monf  Richer , 
44  who  at  the  Eland  of  Cayenne ,  whole  Latitude  is  5°  00' found  that  a 
44  Pendulum,  which  vibrates  Seconds  there,  was  a  tenth  Part  of  an  Inch 
44  fhorter  than  a  Pendulum,  which  vibrates  Seconds  at  Paris. 

44  Thus  we  fee  that  the  Principles  and  Llypothefis,  and  withal  their 
44  Confequences,  upon  which  the  broad  fpheroidical  Ligure  of  the  Earth 
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€  is  founded,  do  exadlly  agree  with  Obfervations,  and  therefore  there 
c  is  no  doubt  to  be  made,  but  that  the  Earth  is  really  of  fuch  a  Figure, 
4  and  that  the  Hypothefis  upon  which  this  Figure  is  grounded,  (viz. 

<  the  diurnal  Rotation  of  the  Earth,  and  by  Confequence  the  Centri- 

<  fUcral  Force  of  all  Bodies  upon  it)  mud  be  admitted  for  a  true  one  ^ 
t  fm^ce  the  different  Vibrations  of  Pendulums  of  the  fame  Length,  in 

<  different  Latitudes,  can  depend  upon  no  other  Caufe  ;  for  the  Change 
t  of  Air  is  not  able  to  produce  any  fuch  Effeft,  for  if  the  Air  made 
c  really  any  Alterations  in  the  Vibrations  of  a  Pendulum,  it  would 
!  produce  a  quite  contrary  Effedl  than  what  is  obferved  ;  for  Pendu- 
4  ,]ums  near  the  ./Equator  would  move  father  than  they  would  do  in 
4  places  of  greater  Latitude,  the  Air  in  the  one  Place,  being  more 
c  ranfied,  is  much  thinner  and  finer  than  it  is  in  tnc  other,  and  theie- 
4  fore  Lives  lefs  Refiftance  to  Bodies  that  move  in  it. 

4  In  "this  Reafoning,  we  have  fuppofed  the  Earth  to  have  been  at; 

*  firft  fluid,  as  the  Theorift  has  done  before  us,  but  if  we  will  put  the 

<  Cafe,  that  the  Earth  was  firft  partly  fluid  and  partly  dry,  as  it  is 
‘  at  prefent,  yet  becaufe  we  find  that  the  Land  is  very  near  of  the 

*  fame  Figure  with  the  Sea  (only  raifed  a  little  higher  that  it  might 
c  not  be  overflowed)  compofing  with  it  the  fame  Solid,  and  I  have 

<  already  fhewed  that  the  Surface  of  the  Ocean  is  fpheroidical  and  not 
t  fpherical,  there  is  no  doubt  to  be  made,  but  that  the  Land  was^ 
4  formed  into  the  fame  Figure  by  its  wife  Creator  at  the  Beginning  of 
c  the  World  ;  for  if  it  were  otherwife,  then  would  the  Land  towards 
6  the /Equator  have  been  overflowed  with  Water,  which,  as  I  have 
4  already  proved,  muff  have  been  higher  at  the  /Equator  than  at  the 

<  Poles  *,  and  therefore  the  Sea  would  rife  there  and  ipread  itfelf  like 
4  an  Inundation  upon  all  the  Land.  ” 

To  make  an  End  of  this  long  Differtation,  let  us  in  a  few  Words 
compare  the  Experiments  and  "Obfervations  made  ufe  of  to  confirm 

each  of  the  Opinions  abovementioned. 

To  prove  M.  Caffini's  Figure  of  the  Earth ,  we  muff  take  the  Altitude 
of  a  Star  nearer  than  to  2  Seconds  *,  becaufe  2  Seconds  anfwer  to  32 
Toifes  on  the  Surface  of  the  Earth,  and  the  Difference  of  the  Length 
of  Degrees  is  but  31.  And  what  is  more,  we  muff  take  this  Angle 
with  an  Inftrument  of  39  Inches  Radius  *,  becaufe  the  loFootSecffor 
was  only  ufed  at  the  Ends  of  the  two  Parts  of  the  Meridian. 

To  difprove  M.  C  affini' s  Hypothefis ,  we  need  only  obferve  whether  a 
Plumb-Line  makes  an  Angle  of  5  Minutes  with  a  Perpendicular  to  the 
Surface  of  ftagnant  Waters,  or  Lines  of  Level. 

’  To  prove  M.  C affini' s  Opinion,  the  Height  of  a  great  many  Moun¬ 
tains  muff  be  accurately  meafured  by  Trigonometry,  which  Mathema¬ 
ticians  have  always  found  very  difficult. 

To  prove  Sir  Ifaac  Newton's  Opinion ,  we  are  only  to  meafure  about 

one  Tenth  of  an  Inch  in  a  Rod  of  39,129  Inches  5  and  to  know  what 
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to  allow  for  the  lengthening  of  the  fame  Rod  by  the  Summer  Heat, 
when  it  is  fhut  up  in  a  Cafe,  and  carried  towards  the  iEquator.  For 
though  the  Experiments  on  Pendulums,  made  by  feveral  Perfons  that 
travelled  Southward,  differ  among  themfelves,  yet  they  all  agree  in 
this,  that  the  Obfervers  were  obliged  to  fhorten  their  Pendulums,  in 
order  to  make  them  fwing  Seconds,  as  they  went  towards  the  ^Equa¬ 
tor.  And  when  we  come  to  compare  them  together,  in  order  to  have 
the  exadt  Proportion  of  Length  in  different  Latitudes,  we  muft  rely  on 
the  moft  exadt  Experimenter,  which  we  may  very  well  do  on  M.  Ri¬ 
cher  •,  becaufe  when  he  found  a  Difference,  he  was  fo  careful  to  find  out 
how  much  it  was,  that  he  caufed  a  fimple  Pendulum  to  lwing,  and 
compared  it  with  a  good  Pendulum  Clock,  which  he  did  feveral 
Times  every  Week  for  io  Months  together  ;  and  when  he  returned  to 
France ,  he  compared  it  with  the  Length  of  the  Pendulum  at  Paris  \ 
which  is  of  3  Feet  8  j  Lines  for  39,129  Englifh  Inches,)  and  found  it 
to  be  fhorter  by  1  \  Line. 


.  3.  Since  the  writing  of  the  foregoing  Papers,  I  met  with  a  Differ- 

the  fame,  ^  tation  of  M.  Mairan  (in  the  Memoirs  of  the  Royal  Academy  of  Pa- 
u.  j88,  p,  277.  ris,  for  the  Year  1720. )  wherein  the  learned  and  ingenious  Author 
has  taken  a  great  deal  of  Pains  to  reconcile  the  Obfervations  made  on 
Pendulums  (found  to  be  fhorter  at  the  iEquator  than  at  Paris ,  when 
they  fwing  Seconds)  with  the  oblong  fpheroidical  Figure  of  the  Earth, 
deduced  from  M-  CaJJin? s  Meafures.  And  though  upon  a  ftridt  Exa¬ 
mination  of  his  Conjectures,  and  what  he  gives  for  Demonstrations,  I 
do  not  find  Reafon  to  alter  my  Opinion  concerning  the  oblate  or  flatted 
Spheroid,  which  Sir  Ifaac  Newton  has  fhewn  to  be  the  Figure  of  the 
Earth  •,  yet  fince  it  might  be  thought  by  fome,  who  have  read  Monf. 
Mairan' s  Treadle,  and  afterwards  may  read  mine,  that  I  have  not 
confidered  all  the  Circumftances  that  He  has  done,  and  that  I  have 
not  been  exact:  enough  in  the  Mathematical  Part  of  my  Differtation, 
becaufe  I  have  drawn  fome  Conclufions  from  fuppofing  the  Figure  of 
the  Earth  fpherical,  when  I  fiiould  have  fuppofed  it  an  oblong  Sphero¬ 
id  *,  I  beg  Leave  to  fhew  here,  wherein  I  think  M.  Mairan  is  miftak- 
en,  and  to  give  thofe  additional  Proofs  of  my  Aflertions,  which  I 
promifed  the  Society  when  I  gave  in  my  laft  Paper. 

Firft  then  I  begin  with  the  Conjectures. 

Monf  Mairan  fays,  that  it  is  as  reafonable  to  fuppofe  the  Earth  (if 
it  was  once  fluid)  to  have  been  an  oblong  Spheroid  at  firft,  as  a  Sphere  ; 
and  that,  in  fuch  a  Cafe,  the  Centrifugal  Force  of  the  feveral  Parts  of 
the  Earth,  arifing  from  its  Revolution  about  its  Axis,  which  might 
convert  a  Sphere  into  an  oblate  Spheroid,  would  only  change  an  ob¬ 
long  Spheroid  into  one  lefs  oblong. 

It  the  Earth  was  at  firft  a  Fluid  (fuppofed  homogeneous,  and  ol 
any  given  Form)  and  left  to  thofe  Laws,  which  we  find  to  obtain  at 
prefent  •,  it  muft  put  cn  a  fpherical  Figure,  for  the  fame  Reafon  that 
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Drops  of  Mercury,  of  Water,  and  other  Fluids,  put  on  fuch  a  Fi- 
gure.  And  to  fuppofe  any  Change  made  in  that  Figure  from  the  Pref- 
fure  of  an  external  Fluid,  filling  up  all  Space,  is  contrary  to  what  has 
been  demonflrated  by  Sir  Ifaac  Newton  in  his  Principia  Lib.  2.  Prep. 

19.  where  he  fhews,  Float  if  any  Portion  of  a  Fluid  be  comprefs'd  by  tic 
fame  or  any  other  homogeneous  Fluid ,  that  Portion  will  not  have  :ts  Figure 
altered  by  that  Prejfure. 

And  indeed  we  fee,  that  in  the  Receiver  of  the  Air-Pump,  Lumps 
of  Butter,  coagulated  Oil,  or  Honey,  Drops  of  Quickfilver  or  Wa¬ 
ter,  &V.  have  the  fame  Figure,  whether  the  PrefTure  of  the  Air  adts 
upon  them,  or  be  taken  off  by  exhaufting  the  Receiver. 

That  a  fluid  Subfiance,  of  any  Figure,  will  by  the  Gravity  of  its 
Parts  become  fpherical,  is  plain  by  the  following  Demonfl  ration. 

.  Let  ABCDE  be  a  Portion  of  a  homogeneous  Fluid,  whole  Parts  pjT< 
tend  towards  one  another,  and  whole  Figure  is  not  fpherical-  If  in 
fuch  a  Fluid  we  fuppofe  a  Syphon  as  ACE  (or  which  is  the  fame  Thing, 
if  all  the  Fluid  fhould  be  frozen,  except  the  Canal  ACE)  whofe  Legs 
AC  and  CE  are  unequal,  and  meet  at  C,  the  Center  of  the  Fluid,  to¬ 
wards  which  there  is  the  greatefl  Tendency  •,  the  Fluid  will  run  out  at 
A  in  the  Leg  AC,  till  it  be  come  down  as  fir  as  g  in  the  Leg  CE,  fup- 
pofing  C  g  equal  to  AC.  But  if  the  Leg  AC  be  lengthened  as  far  as  cy 
then  the  Fluid  will  only  come  down  as  far  as  e  in  the  Leg  CE,  and  at 
the  fame  time  rife  up  to  a  in  the  Leg  Ca9  C  a  being  equal  to  Ce. 

If  fuch  another  Canal  or  Syphon  be  fuppofed  at  BCD,  the  Fluid  in 
it  will  come  down  from  D  to  d,  and  rife  from  B  to  b.  And  fince  fuch 
Syphons  may  be  fuppofed  all  over  the  Fluid  ABDE  ;  that  Fluid,  by 
the  mutual  Tendency  of  its  Parts  towards  one  another,  mufl  be. redu¬ 
ced  to  the  fpherical  Figure  ab  d  e.  E.  D. 

Now,  without  considering  the  Unreafonablenefs  of  the  Suppofition, 
let  us  imagine  the  Earth  to  have  been  an  oblong  Spheroid  at  firfl,  and 
then  to  have  a  diurnal  Revolution  given  to  it,  which  fhould  by  Degrees 
fhorten  its  Axis,  to  bring  it  to  what  Meflieurs  Caffini  and  Mairan  fup¬ 
pofe  it  at  prefect  to  be.  If  in  fuch  a  Cafe  the  Earth  be  fuppofed  fluid 
enough  to  change  its  Figure,  by  the  Revolution  about  its  Axis,  why 
fhould  it  flop  when  the  ^Equatorial  Diameter  comes  to  want  juft  ~c 
Part  of  the  Length  of  the  Axis  ?  fince  twro  Powers  adl  upon  it  to  fhorten 
its  Axis,  viz.  Gravity,  and  the  Centrifugal  Force  ;  the  firfl  of  which 
has  already  been  fhewn  capable  to  reduce  it  to  a  Sphere,  and  the  Centri¬ 
fugal  Force  is  acknowledged  by  M.  Mairan  to  be  (as  Sir  Ifaac  Newton 
has  proved  it)  at  the  ^Equator  equal  to  2j9  Part  of  the  Gravity  there. 

Certainly  the  Alteration  of  Figure  would  not  have  flopped,  before  the 
Earth  came  to  be  a  Sphere  ;  nay,  and  it  mufl  have  rifen  at  the  Equa¬ 
tor  *,  and  how  much,  I  have  already  fhewn  in  my  former  Papers. 

Again,  if  we  fuppofe  the  Earth  of  a  heterogeneous  Fluid,  before 
the  diurnal  Revolution,  the  heaviefl  Parts  would  go  towards  the  Cen¬ 
ter,  and  the  lighter  towards  the  Surface  j  and  that  Way  the  Tcrraque- 

D  d  d  2  ous 


386 


Fig.  192 


Fig  ure  of  the  Earth . 

ous  Globe  would  alfo  become  a  Sphere.  Then  if,  when  the  Central 
Parts  are  fixed,  and  the  fupcrficial  Strata  are  (till  fluid,  the  Earth  re¬ 
ceives  a  diurnal  Motion  ;  it  will  rife  at  the  ^Equatorial  Parts,  and  that 
to  a  greater  Height  than  what  I  have  fhewn  in  my  former  Papers,  where 
I  fuppofed  the  Earth  of  uniform  Matter.  And  that  fomething  like 
this  muft  be  the  Cafe,  appears  from  what  Sir  Ifaac  Newton  has  Paid  up¬ 
on  this  Subject.  For  after  having  fhewn,  from  fuppofing.  the  Earth 
of  uniform  Matter,  that  the  Centrifugal  Force  of  all  its  Parts  would 
bring  it  to  be  17  j  EngliJJo  Miles  higher  at  the  ^Equator  than  at  the 
Poles,  and  after  having  given  a  Table  of  the  proportionable  Decreafe 
of  the  Length  of  the  Degrees  of  a  Meridian  of  the  Earth,  going  from  the 
Poles  to  the  ^Equator,  in  fuch  a  Figure  of  the  Earth,  with  the  Lengths 
that  Pendulums  muft  have  to  fwing  Seconds  in  feveral  Latitudes;  from 
a  Comparifon  of  the  Lengths  of  Pendulums  (obferved  by  different 
Perfons  to  be  fhorter  towards  the  ^Equator,  than  in  greater  Latitudes 
(when  they  fwing  Seconds )  he  fhews  that  the  Earth  muft  be  3  1 
Miles  higher  at  the  ^Equator  than  at  the  Poles ;  and  therefore  that  it 
muft  be  denfer  towards  the  Central  than  the  Superficial  Parts  to  produce 
a  flatted  Spheroid,  where  the  ^Equatorial  Diameter  muft  exceed  the 
Axis  fo  much  more  ;  that  is,  be  longer  fomething  more  than  - . 
Part. 

1  am  very  well  aware,  that  it  may  be  objedled  by  fuch  as  have  read 
M.  Mairan's  Diflfertation,  and  have  not  read  Sir  Ifaac  Newton's  Prin¬ 
cipi, a,  or  have  not  read  that  Book  with  due  Attention  —  “  That  I  have 
“  not  argued  fairly  in  drawing  Confequences  from  a  greater  Gravity 
64  at  the  ./Equator  than  at  the  Poles,  in  an  oblong  Spheroid  ;  becaufe 
4C  M.  Mairan  has  fhewn,  that,  in  fuch  a  Figure  of  the  Earth,  the 
ct  Gravity  is  greater  at  the  Poles  than  at  the  .Equator  ;  and  that  I 
44  fhould  have  drawn  my  Confequences  from  thefe  Principles.5’  To 
which  I  anfwer,  that  his  Demonftrations  about  Gravity  are  built  upon 
wrong  Suppofitions,  as  I  final  1  fhew  by  and  by.  Nevertherlefs, 
fuppofing  that  Gravity  was  greater  towards  the  Poles  than  towards  the 
Equator,  in  the  Proportion  that  he  afligns,  namely  of  the  Ray  of 
Curvature  drawn  into  the  Perpendicular  to  the  Curve,  terminated  at 
the  Axis ;  let  us  confider  what  will  follow  from  his  Principles. 

Let  us  then  fuppofe  the  Earth  at  fir  ft  in  a  fluid  State  ;  A  A  the  Axis, 
d  IE  the  Equatorial  Diameter,  ab  a  Ray  of  Curvature,  dn  another, 
ac  and  d C  two  Lines  of  Tendency  or  Perpendiculars  to  the  Curve, 
intercepted  by  the  Axis  at  c  and  C  ;  and  d  C,  AC,  two  Tubes  or  Ca¬ 
nals  of  the  Fluid,  gravitating  towards,  and  communicating  at  C.  I 
fay  that,  according  to  M.  Mairan's  Principles  of  Gravity,  the  Earth 
cannot  preferve  its  oblong  fpheroidical  Figure.  For  fince  the  Gravity 
at  a:  Is  to  the  Gravity  at  d- : :  As  dn  x  d  C  :  to  a  b  x  a  c,  it  will  follow 
(from  the  Nature  of  the  Ellipfe )  that  the  Gravity  at  A  :  will  be  to  the 
Gravity  at  d :  :  As  AC4  :  to  d C4  :  and  therefore  the  Forces,  with 
which  the  Columns  of  Fluid  AC  and  d C  tend  towards  C,  will  be  as 

their 
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their  Maflfes  drawn  into  the  Forces  driving  towards  C,  that  is,  as  AC  x 
AC*  to  a’Cx^C4.  Now  by  the  Principles  of  Hydrodaticks,  it  is 
evident  that  the  Fluid,  in  the  Canal  AC, _ will  caufe  the  Fluid  in  the 
Canal  d  C  to  run  out  at  d  as  long  as  AC  x  AC4  is  greater  than  d  C  x 
d  C+  :  And  if  the  Canal  Cd  be  continued  quite  to  oP,  the  Surface  of  the 
Fluid  in  AC  will  fink  to  a,  whilft  the  Surface  of  the  Fluid  in  d  C  riles 
up  to  c/h  in  which  Cafe  as  a  C  =  C  <P,  the  Point  A  will  come  to  a,  and 
the  Point  dt o  F,  and  the  Curve  A  d  being  changed  into  ac/l,  the  ob¬ 
long  Spheroid  will  be  changed  into  a  Sphere,  the  only  Figure  confid¬ 
ent  with  the  ^Equilibrium  of  the  fluid  Parts,  according  to  Monf.  Mai- 
ran's  own  Principles ;  becaufe  then  you  will  have  AC4  =  dC+,  and 
AC  x  A  C4  —  d  Cx  d  C4.  If  we  make  ufe  of  Sir  Ifaac  Newton's  Prin¬ 
ciples  in-  this  Reafoning,  we  fliall  alfo  fhew,  that  an  oblong,  fpheroh 
dical,  fluid  Earth  will  be  changed  into  a  Sphere  ;  but  not  fo  faft  as  it 
does  by  Monf.  Mairan* s  Laws  j  for,  according  to  Sir  Ifaac  Newton , 

5  — —  5  — - 

the  Gravity  at  A  :  Is  to  the  Gravity  at  di:  As  v'  C d:  fAC 
&E.  D. 

N.  B.  Here  we  have  fuppofed  no  diurnal  Revolution ,  for  as  foon  as  that 
begins,  the  Centrifugal  Force  will  raife  the  A Equatorial  Parts ,  and  change 
the  Sphere  into  a  flatted  Spheroid ,  as  has  been  before  Jhewn ,  and  is  allow¬ 
ed  by  M.  Mairan. 

Now  if  we  fuppofe  the  fame  Figure  of  the  Earth,  but  the  Land  (at 
its  fird  Creation)  as  firm  as  it  is  now  ;  it  will  in  that  Cafe  follow  from 
M.  Mairan'  s  Principles,  that  the  Sea  mud  rife  and  overflow  all  the  fE- 
quatorial  Regions,  tho’  the  Earth  had  no  diurnal  Revolution  ;  and 
much  more  fo,  when  the  Centrifugal  Force,  arifing  from  the  diurnal 
Motion,  helps  to  carry  the  Water  the  fame  Way, 

Let  P  ce  P  IE  reprefent  the  Plane  of  a  Meridian,  P  P  the  Axis  of  Demonfiratm- 
the  Earth  (fuppofed  an  oblong  Spheroid;  ce  2E  the  Diameter  of  the 
^Equator,  de  a  ce  Part  of  the  Surface  of  the  Earth,  as  A  and  e  B  two  Fig.  193. 
Perpendiculars  to  the  Surface  of  the  Earth  (which  are  here  two  Rays  of 
Curvature)  fc  the  Surface  of  the  Sea,  and  f  deg,  b  a  ce  c  two  Cylin¬ 
ders  of  Sea-Water  of  equal  Bafes  and  equal  Heights. 

Since  Gravity  ads  on  the  two  equal  Columns  of  Water  b  a  c  ce,f  d  e g 
in  the  reciprocal  Ratio  of  the  Ray  of  Curvature  (at  the  relpedive 
Places  of  the  Columns;  drawn  into  that  Part  of  it  which  Monf.  Mai- 
ran  calls  the  Line  of  Tendency  (that  is,  in  the  Ratio  of  e  B  x  e  Z  to 
es  Ax^C;  the  Weight  of  fe:  will  be  to  the  Weight  of  b  cep  :  As 
a  A  x  ce  C  :  to  e  B  x  e  Z.  Therefore  if  there  be  a  Communication  be¬ 
tween  the  fluid  Columns  f  e  and  b  ce,  there  cannot  be  an  ALqinfibri- 
nm,  till  the  Quantity  of  Matter  in  fe,  becomes  to  the-. Quantity  of 
Matter  in  b  ce,  reciprocally  as  the  Gravity  at  the  Place  ce  is  to  the  Gra¬ 
vity  at  e  *,  and  in  that  Cafe  the  Height  g  e  will  be  reduced  to  k  e,  if 

k  e :  c  ce  : :  e  B  x  €  Z  :  ce  A  x  ce  C.  And  consequently  the  Surface  of 
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the  Sea  will  go  thro’  the  Points  i  kb  c,  where  b  c  under  the  ^Equator  is 
higher  than  i  k  towards  the  Poles.  §1  E .  D. 

N.  B.  That  the  Centrifugal  Force  will  ft  ill  add  to  the  Height  oft  the  Sea 
at  b  e,  is  plain  from  what  we  have  ftaid  before.  And  if  we  apply  thefte 
Principles  to  determine  the  different  Lengths  of  Pendulums ,  fwinging  Se¬ 
conds  at  Paris  and  at  the  AEquator  ;  from  the  Gravity  at  Paris,  compar'd 
to  the  Gravity  at  the  Adquator  (in  this  Suppojition  oft  the  Adlion  of  Gra¬ 
vity  and  Figure  oft  the  Earth )  a  Pendulum  muft  be  floor  ter  at  the  /Equa¬ 
tor  by  more  than  io  Lines ,  without  confidering  the  Centrifugal  Force  ;  and 
if  the  Centrifugal  Force  be  taken  into  Confederation ,  the  Pendulums  muft 
be  floor  tened  near  a  whole  Inch.  But  this  being  about  five  Times  more  than 
agrees  with  Obfervation  *,  what  proves  too  much ,  proves  nothing  at  all . 

Having  thus  fhewn,  thatMonf.  Mairan's  Account  of  the  ACtion  of 
Gravity,  on  feveral  Places  upon  the  Earth’s  Surface,  can  be  of  no 
Service  for  reconciling  the  Experiments  made  on  Pendulums,  with  the 
Figure  of  the  Earth  deduced  from  M.  Caffeni's  Meafures  :  I  proceed 
to  fhew  that  his  Demon  lira  tions  are  founded  upon  wrong  Principles. 
And  firft,  in  relation  to  Gravity. 

This  Gentleman  has  followed  Sir  Ifaac  Newton ,  in  faying,  that  Gra¬ 
vity  increafes  in  a  duplicate  reciprocal  Proportion  of  the  diminifhed 
Diftance  from  the  Center  of  the  Force,  and  fo  vice  versa  *,  but  he  has 
followed  Sir  Ifaac  Newton  no  farther  than  ferved  his  prefent  Purpofe; 
otherwife  he  would  have  known. — That  in  refpeCt  to  a  Central  Body 
(as  a  Planet)  towards  which  others  are  (attracted  or)  impelled  by  Gra¬ 
vity,  this  Law  obtains  only,  as  Bodies  attracted,  are  removed  from 
the  Surface  of  the  Planet,  to  greater  Diftances  from  the  Center  com¬ 
pared  with  that  Diftance  ;  or  as  from  greater  Diftances  they  approach 
nearer  to  the  Planet. — That  the  greateft  Action  of  Gravity  is  at  the 
Surface  of  the  Planet. — That  afterwards  in  advancing  towards  the  Cen¬ 
ter,  the  Force  of  Gravity,  on  the  Body  attracted,  continually  grows 
lefs,  decreafmg  directly  as  the  Diftance  *,  and  that  this  holds  true  in  a 
Spheroid  as  well  as  a  Sphere. — That  on  different  Parts  of  the  Surface  of 
the  Earth  fin  the  Condition  it  is  now )  the  Gravity  on  Bodies  is  recipro¬ 
cally  as  their  Diftance  from  the  Center  of  the  Earth. —  That  though 
at  a  confiderable  Diftance  we  look  upon  the  Earth,  or  any  Planet,  cr 
even  the  Sun,  as  a  Point  (in  the  Center  of  the  Forces  tending  towards 
it)  endued  with  an  abfolute  Forc£,  proportional  to  its  Quantity  of 
Matter  j  yet  when  we  come  fo  near  the  Body  as  to  confider  the  Space 
k  takes  up,  we  are  to  take  notice,  that  the  whole  Attraction  or  Gravity 
of  the  Body,  is  made  up  of  the  Sum  of  the  Attraction  of  all  its  Parts 
properly  combined  •,  and  therefore,  that  when  a  Corpufcle,  or  Body 
attracted,  comes  to  be  within  the  Planet,  or  Body  attracting,  the 
Matter  above  it  draws  it  back  in  fuch  a  Manner,  that  it  leaves  it  only 
a  Force  to  go  on  towards  the  Center,  which  is  direCtly  as  the  Diftance, 

as 
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as  we  have  already  faid •,  juft  as  if  a  Body  concentric  to  the  Planet 
(whether  fpherical  or  fpheroidical)  had  its  Surface  juft  where  the  Cor- 
pufcle  is,  and  all  the  exterior  Cruft  or  Shell  was  annihilated. 

I  do  not  doubt  but  M.  Mairan  will  be  of  this  Opinion,  when  he  has 
carefully  and  impartially  examined  the  12th  and  13th  Sections  of  the 
Firft  Book  of  Sir  Ifaac  Newton’s  Principia.,  andtheiSth,  19th,  and 
20th  Prop,  of  the  Third  Book-  And  if  he  will  be  at  the  Pains  to  com¬ 
pare  the  38th  and  39th Proportions  of  the  Third  Book  with  the  66th  of 
the  Firft,  he  will  find  that  the  PrecefTion  of  the  ./Equinoxes  is  owing 
to  the  broad  fpheroidical  Figure  of  the  Earth  •,  and  that  if  it  had  M. 
C  affini' s  Figure,  the  /Equinoctial  Points  would  move  in  Confquentia 
fafter  than  they  do  now  in  Antecedentia. 

Further  M.  Mairan  demonftrates,  that  in  an  oblong  Spheroid,  the 
Diminution  of  Gravity,  by  the  Centrifugal  Force,  encreafes  fafter  in 
going  from  the  Poles  to  the  /Equator,  than  it  would  do  in  a  Sphere, 
and  fafter  in  a  Sphere  than  it  would  do  in  a  broad  Spheroid  *,  and  there¬ 
fore  would  ftiew,  “  That  notwithftanding  the  Surface  of  the  Earth  is 
<c  nearer  to  the  Center  in  M.  Caffini's  Figure  than  in  Sir  Ifaac  Newton's 
<c  yet  the  Centrifugal  Force  will  diminifh  the  Gravity  fo  fa  ft  in  going 
“  from  Paris  to  the  /Equator,  that  the  fliortening  of  Pendulums,  to 
€  5  make  them  fwing  Seconds  at  the  /Equator,  may  very  well  be  account- 
“  ed  for  that  Way  ”. 

Now  let  us  examine  into  this  Matter,  to  fee  whether  the  Caufe  is  ade¬ 
quate  to  the  EffeCt. 

If  the  Diftance  from  the  Surface  of  the  Earth  at  the  Pole  to  the  Cen¬ 
ter  be  96,  and  the  Diftance  of  the  Surface  at  the  /Equator  be  95,  the 
Diftance  of  the  Surface  at  Paris,  in  the  Latitude  of  48°  50',  will  be 
95,  562,  CL.  by  the  Property  of  the  Ellipfe.  Nowfmce  the  Force 
of  Gravity,  in  different  Places  on  the  Earth’s  Surface,  is  reciprocally 
as  the  Diftance  from  the  Center,  and  the  Lengths  of  Pendulums,  that 
perform  their  Vibrations  in  the  fame  Time,  are  direClly  as  the  Force 
of  Gravity  ;  therefore  the  Length  of  Pendulums  at  Paris,  will  be  to 
their  Length  at  the  /Equator,  as  95  to  95,562,  CL.  that  is,  as 
440,555,  CL.  to  443,165,  CL.  and  confequently  they  muft  be  length¬ 
ened  2,6 1,  CL.  Lines.  But  as  from  M.  Mairan' s  Principles,  the  Di¬ 
minution  of  Gravity  by  the  Centrifugal  Force,  is  greater  at  the /E- 
quator  than  at  Paris ,  hardly  4^0  Part  of  the  whole  Gravity  at  the 
/Equator,  the  Pendulums  muft  be  fhortened  in  that  Proportion  ;  fo 
that  then  the  Length  of  a  Second-Pendulum,  will  be  440,555  -f- 
2,61 —  1  Lines.  But  as  that  Quantity  is  greater  than  440,555,  CL. 
therefore  the  Pendulums  upon  the  Whole  muft  be  lengthened :  Nay, 
though  we  fhould  allow  a  fhortening  of  two  Lines  *,  fince  by  Obfer- 
vation  Pendulums  are  found  to  be  about  two  Lines  fhorter  at  the  /li¬ 
quator,  the  oblong  fpheroidical  Figure  of  the  Earth  cannot  be  confift- 
ent  with  the  Experiments  on  Pendulums. 

I  beg  Leave  to  fet  down  Monf.  Mairan's  aforefaid  Demonftration 
here  ;  that  we  may  fee  whether  he  has  afiumed  true  Principles. 
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*  XI.  The  Centrifugal  Force  at  any  Degree  of  Latitude ,  taken  upon 
the  oblong  Spheroid ,  between  the  /Equator  and  the  Pole,  is  lefs  in  Com¬ 
parison  to  the  Centrifugal  Force  at  the  ALquator ,  than  it  would  be  at  the 
fame  Degree  of  Latitude  taken  upon  a  Sphere  ;  or,  which  is  the  fame 
thing ,  the  Centrifugal  Force  encreafes  more,  going  from  the  Poles  towards 
the  /Equator,  upon  an  oblong  Spheroid,  than  upon  a  perfect  Sphere  ;  and 
confequently  Gravity  diminifhes  more,  and  a  Pendulum  mu  ft  be  more  floor  t- 
cued  under  the  /Equator,  in  the  Hypot hefts  of  the  oblong  Spheroid,  than  in 
that  of  a  perfect  Sphere . 

«  Having  deferibed  an  oval  Curve  of  any  Kind,  as  for  Example, 
c  the  Ellipfe  ADBE  abovementioned,  and  inferibed  the  Circle  DHL, 

4  whofc  Radius  is  DC  =  half  the  fhorter  Axis  DE  ;  upon  AD  take  a- 
4  ny  Point  as  R,  between  the  ^Equator  and  the  Pole,  and  from  that 
4  Point  to  the  Evoluta  OTX  draw  the  Ray  of  Curvature  RT,  which 
‘  gives  the  Line  of  Tendency  RP  {Art.  IV.)  Draw  likewife  from  the 
4  common  Center  C,  to  the  Circumference  of  the  Circle  DH,  a  Radius 
6  CV,  parallel  to  PR,  and  meeting  the  Circle  at  V  ;  then  from  the 
4  Points  R,V,draw  the  Lines  RN,  VZ,  perpendicular  to  the  Axis  AB. 

4  It  muff  be  obferved,  Firft ,  That  as  the  Ellipfe  AD  reprefents  a 
4  Meridian  of  the  oblong  Spheroid,  the  Circle  DH  reprefents  a  Me- 
4  ridian  of  a  Sphere  in  the  fame  Plane. 

4  Secondly,  That  the  Point  V,  on  the  Circular  Meridian,  anfwers  to 
4  the  fame  Degree  of  Latitude  as  the  Point  R,  upon  the  elliptical  Me- 
4  ridian  *,  becaufe  the  Lines  PR,  CV,  being  parallel  to  each  other, 

4  and  perpendicular,  the  one  to  the  Ellipfe  and  the  other  to  the  Circle 
4  {by  Conftruflion )  the  touching  Planes,  or  Horizons  of  the  Points 
6  R,  V,  will  alfo  be  parallel. 

4  Thirdly,  Whence  it  follows  that  the  Diminution  of  the  Centrifu- 
4  gal  Force  (afling  againft  Gravity)  on  account  of  its  Obliquity  to 
4  the  Horizon  {Art.  X.)  of  the  fame  Degree  of  Latitude  on  the  El- 
•4  liptical  and  011  the  Circular  Meridian,  is  the  fame  in  both  Cafes, 
c  and  in  the  fame  Ratio  as  the  abfolute  Centrifugal  Forces  reprefented 
c  by  the  Perpendiculars  RN,  VZ,  (. Art .  IX.)  Therefore  to  know  whe- 
c  ther  the  Centrifugal  Force  (whether  abfolute  or  relative)  of  the  Point 
6  R,  upon  the  oblong  Spheroid  ADBE,  be  lefs  or  greater  in  refpefl  to 
6  the  Centrifugal  Force  under  the  common  ^Equator  DE,  than  the 
6  Centrifugal  Force  (whether  abfolute  or  relative)  of  the  correfpondent 
c  Point  V  upon  the  Sphere  \  nothing  more  is  required  than  to  fee  which 
‘  is  the  longed  of  the  two  Perpendiculars,  namely,  RN  in  the  oblong 

*  Spheroid,  or  VZ  in  the  Sphere  ;  fince  thefe  two  Lines  exprefs  the 
4  Radii  of  the  Circles  of  Revolution,  and  confequently  the  abfolute 
4  Quantity  of  the  Centrifugal  Forces. 

‘  Agthly  and  laftly.  That  the  Ratio  of  the  Centrifugal  Forces  of  two 
4  correfpondent  Points  upon  the  oblong  Spheroid  ADBE,  and  the  in- 

"  ferib’d 

*  See  Monf  Ma'ranV  Differ  tat  ion.  Article  XI.  &c. 
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'  fcribed  Sphere  DHE,  to  the  Centrifugal  Force  of  their  Equators 
4  is  the  fame,  fuppofmg  the  Sphere  of  any  other  Bignefs  ;  and  that 
*  it  has  been  determined  here  of  the  Diameter  DE,  only  to  render 
4  the  Demonftration  eafier,  by  giving  the  fame  Confequent  to  the  An- 
4  tecedents  RN  and  VZ.  For  if  about  the  Center  C  and  with  the 
4  Radius  C  the  Circle  dh  e  be  defcribed  equal  (for  Example)  to  a 
4  Meridian  of  a  Sphere  of  the  fame  Solidity  as  the  oblong  Spheroid 
4  ADBE  *,  and  the  Radius  CV  be  produced  til)  it  meet  the  Circle  dh 
4  at  the  Point  u ,  and  u  z  be  let  fall  perpendicular  to  the  common  Axis 
4  of  Revolution,  and  parallel  to  VZ  :  It  is  plain,  that  we  lhall  always 

V  Z  v.z  RN 

4  have  VZ :  DC  : :  u  z  :  d  C,  or  —  = — ,  and  confequently —  will 

DC  dC  DC 

V  Z  u  z 

4  have  the  fame  Ratio  to - as  to  — 

D  C  d  C. 

<  Therefore,  in  order  to  demonftrate  that  the  Centrifugal  Force  of 
4  a  Point,  taken  in  any  Latitude  upon  the  oblong  Spheroid,  is  lefs 
4  when  compared  to  the  Centrifugal  Force  of  the  like  Point,  taken 
4  upon  a  Sphere  in  refped:  to  the  Centrifugal  Force  at  the  /Equator ; 

4  there  is  nothing  more  required  than  to  lhew  that  RN  <VZ,  becaufe 

R  N  VZ 

4  by  that  Means  we  fhall  have -  <3 - . 

DC  DC 

4  This  being  obferved  *,  from  the  Point  R,  draw  the  Line  RT,  paral- 
4  lei  to  the  Axis  AB,  and  meeting  the  Circle  Df  I  at  K,  and  the  Dia- 
«  meter  DE  of  the  ./Equator  at  the  Point  I.  From  the  Point  K  hav- 
4  ing  let  fall  the  Perpendicular  KL  =  RN,  upon  the  Axis  AB,  and 
4  drawn  KC  to  the  Center  C  *,  the  Queftion  will  be  brought  to  this, 
4  viz.  To  know  whether  the  Point  V  coincides  with  the  Point  K  ;  or 
4  whether  it  is  above  it  towards  D,  or  below  towards  H. 

‘  But  CK  =: C V  =  CD>  PR  {Art^ III.)  therefore  CK  and  PR 

<  being  both  between  the  Parallels  AC,  RI,  the  greateft  CK  is  more 
c  inclined  to  them  than  the  lead  PR ,  and  the  Angle  KCA  is  lefs  than 

<  the  Angle  RPAz^VCA.  And  fince  thefe  two  Angles  have  each  of 
6  them  one  of  their  Sides  coinciding  with  the  Line  AC,  namely,  the 
‘  Side  AP  of  the  Angle  RPA,  and  the  Side  AC  of  the  Angle  KCA, 
1  it  follows  that  the  Side  VC  of  the  Angle  VCAmRPA  >  KCA, 
c  will  go  above  CK  between  CK  and  CD,  and  meet  the  Line  RI  at 
c  the  Point  G,  between  K  and  I,  and  the  Circle  DH  at  the  Point  V, 
‘  which  confequently  will  be  above  RI,  between  K  and  D.  There- 
4  fore  CVz=CG-f-GV  isz=PR-f-GV,  and  confequently  VZ,  which 
c  meets  RI  at  the  Point  F,  is  =ZF+FV=RN-f-FV  *,  and  therefore 
4  RNirzVZ — FV.  Therefore  RN  <SVZ. 

4  And  becaufe  the  fame  Thing  may  be  demonftrated  in  refpe6t  of 
any  other  Point,  taken  between  the  /Equator  and  the  Pole*,  and  that 

Eee  4  Gravity, 
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‘  Gravity,  and  confequently  the  Length  of  a  Pendulum  diminiflies, 
c  as  the  Centrifugal  Force  encreafes.  Therefore,  iAc.  Ff  E.  D. 

c  XII.  From  what  has  been  demon  lira  ted,  and  from  Prop.  3.  Art, 
4  VIII.  it  follows,  that  the  Perpendicular  which  is  drawn  from  any 
4  Point  of  an  oval  Meridian  to  the  Axis,  will  be  fo  much  fhorter,  in 
4  Companion  to  the  Perpendicular  drawn  from  the  correfpondent  Point 
4  of  an  infcribed  circular  Meridian,  as  the  Latitude  is  greater  *,  and 
c  confequently  (by  Art .  XI.  Num.  3.)  the  Centrifugal  Force  will  be 
4  fo  much  the  lefs,  and  Gravity  fo  much  the  greater,  upon  the  obleni 
4  Spheroid,  in  refped  to  the  Centrifugal  Force,  and  the  Gravity  urn 
4  der  the  ./Equator. 

‘  For  as  the  Line  RP  does  always  decreafe,  as  the  Point  R  is  taken 
4  nearer  to  the  Pole  A,  it  is  evident,  that  the  Angle  VGK  will  conti- 
4  nually  encreafe,  in  refped  to  the  Angles  VC  A,  KCA,  as  it  is  their 
4  Difference,  and  confequently  that  the  Perpendicular  VZ  will  be  fo 
4  much  greater  than  the  Perpendicular  KL=RN. 

I  pafs  over  the  Demonftration  of  the  latter  Part  of  his  Propofition 
abovementioned,  which  he  deduces  juflly  from  his  Conftrudion,  if 
what  he  fays  (Num,  2.)  be  right ;  becaufein  fuch  a  Cafe  it  cannot  be 
called  in  Queftion  ;  and  proceed  to  an  Obfervation  that  he  makes  af¬ 
terwards,  viz.  tVemuJi  take  care  to  obferve  in  the  foregoing  Proportions 
and  Corollaries ,  that  the  Comparifon  is  always  made  between  two  Jimilar 
Points  of  Latitude ,  taken  upon  the  two  Spheroids ,  or  upon  one  of  the 
Spheroids  and  the  Sphere ,  between  the  JEquator  and  the  Poles ,  in  refpetf 
to  the  Centrifugal  Force  upon  the  JEquator  of  any  one  of  thefe  Spheroids , 
or  of  the  Sphere.  For  if  we  only  compared  abfolutely  the  Centrifugal 
Force  of  a  Point  of  the  JEquator  of  the  one ,  to  the  Centrifugal  Force  of 
a  correfpondent  Point  of  the  JEquator  of  the  other ,  it  is  plain  that  it 
would  be  greater  upon  a  flatted  Spheroid ,  than  upon  a  Sphere ,  or  than 
upon  an  oblong  Spheroid  of  the  fame  Solidity ,  in  the  Ratio  of  the  great 
Axis  of  the  generating  Ellipfe  of  the  flatted  Spheroid ,  to  the  Diameter  of 
the  Sphere ,  or  to  the  fhorter  Axis  of  the  generating  Ellipfe  of  the  oblong 
Spheroid.  And  in  all  Likelihood ,  this  muft  be  the  Reafon  that  has  ?nade 
others ,  who  have  treated  of  this  Subject,  to  imagine  the  very  contrary  of 
what  I  have  demonft  rated. 

As  M.  Mairan  confiders  the  Earth  at  Reft,  in  the  Conftrudion  for 
his  Demonftration  above  quoted,  and  afterwards  obferves  what  Effed 
the  Centrifugal  Force  will  have  upon  Bodies  on  its  Surface,  to  diminifh 
the  Gravity,  with  which  they  endeavour  to  defend  in  their  Line  of 
Tendency  RP  :  He  fhould  not  only  have  taken  Notice  (as  he  has  done) 
that  the  whole  Centrifugal  Force  NR  is  not  to  befubftraded  from  the 
Gravity  at  R,  as  the  whole  Centrifugal  Force  CD  is  to  be  fubftraded 
from  the  whole  Gravity  at  D,  becaufe  of  the  Obliquity  of  RN  to  PR  ; 
but  he  fnould  have  obferved  alfo,  that  the  Obliquity  of  the  Plane  of  the 
Parallel  NR,  in  which  the  Centrifugal  Force  ads,  muft  alter  the  Line  of 
1  endency  RP ,  and  change  the  Diredion  RP  into  RW,  fome where 
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between  the  Point  P  and  the  Center  C  ;  for  if  there  be  a  heavy  Body 
as  a  Plummet,  hanging  by  a  Thread  in  the  Line  SR,  or  SP,  the  Line 
of:  Tendency  which  has  been  fuppofed  perpendicular  to  the  Curve  ARD, 
without  taking  in  the  Effedt  of  the  Centrifugal  Force  ;  as  foon  as  the 
Spheroid  revolves  about  its  Axis,  the  Body  which  would  fall  in  the 
Line  SR,  adled  upon  only  by  one  Force,  namely,  that  of  Gravity, 
will  now  be  acted  upon  by  another  Force,  at  the  fame  Time  pufhing  it 
in  the  Line  S  s  (which  is  the  fame  as  R  r)  and  confequently  will  move 
in  the  Line  S  diagonal  of  the  Parallelogram  jSRr;  or,  which  is 
all  one,  a  Body  placed  at  R  will  have  its  Line  of  Tendency  in  RW, 
as  I  have  already  fhewn  in  my  firft  Differtation  on  this  Subjedt;  only 
I  did  not  fuppofe  the  Earth  a  Spheroid  before  the  diurnal  Motion,  and 
therefore  made  ufe  of  the  Line  ZV  inftead  of  the  Line  NR  *,  fo  that 
it  may  be  objedted  that  the  Angle  rSR  will  not  be  fo  great  in  a  Sphe¬ 
roid  as  in  a  Sphere,  becaufe  the  Centrifugal  Force  which  adts  with  the 
fame  Obliquity  (fince  NRP=ZVC)  is  as  much  lefs  in  the  Spheroid  as 
NR  is  lefs  than  ZV :  But  1*  was  aware  of  that,  and  therefore  made  the 
Angle  RSr  only  of  5  Minutes,  when  it  really  appears  to  be  of  al- 
moft  fix  Minutes,  when  the  Earth  is  fuppofed  fpherical  ;  and  there¬ 
fore,  without  coming  to  give  the  exadt  Quantity  of  the  fiiid  Angle, 
one  may  eafily  perceive,  that  Monf.  C  affini' s  Difference  of  the  Axis 
and  the  ^Equatorial  Diameter  will  produce  a  Figure,  in  which  the  An¬ 
gle  RSr,  will  not  be  lefs  than  of  5  Minutes. 

Such  an  Obliquity,  caufed  in  the  Diredtion  of  Gravity,  will  render 
the  oblong  fpheroidical  Figure  of  the  Earth  impoflible,  becaufe  then 
Fluids  would  not  have  the  Lines  of  their  Gravity  perpendicular  to  the 
Horizons  of  the  Places  where  they  are  (fuppofing  the  Horizons  of 
Places  to  be  Planes  touching  the  Curve  of  the  Earth  in  thofe  Places) 
and  Plumb  Lines  would  be  fo  far  out  of  the  Perpendicular  to  Lines  of 
Level,  as  to  make  an  Angle  eafy  to  be  obferved,  as  I  have  fhewn  in 
my  former  Papers. 

But  if  the  fame  Caufe  be  fuppofed  to  adt  upon  the  Sea  to  make  it  le¬ 
vel,  as  makes  heavy  Bodies  to  fall  (which  certainly  muft)  then  indeed 
Lines  of  Level  will  be  perpendicular  to  Plumb  Lines,  and  the  Level 
of  the  Sea,  taken  always  for  the  Horizon  of  a  Place,  will  not  be  a  Plane 
touching  the  Earth,  but  cutting  it  towards  the  Poles,  and  confequently 
the  Water  will  be  carried  towards  the  ^Equator,  as  was  before  fhewn. 

Befides,  the  Difference  of  the  Adtion  of  the  Centrifugal  Force 
would  not  be  fo  great  between  correfpondent  Points  of  the  fame  Lati¬ 
tude  in  the  Spheroid  and  in  the  Sphere  for  when  the  Line  of  Pen¬ 
dency  RP  is  by  the  Centrifugal  Force  changed  into  RW,  the  Point  R 
upon  the  Spheroid  does  no  longer  correfpond  in  Latitude  with  the  Point 
V  upon  the  Sphere,  but  muft  be  taken  nearer  to  V,  fo  that  the  Line 
RW  may  become  parallel  to  VC,  and  RWA— VCA. 

If  it  be  alledged  here,  that  M.  Mairan  fuppofes  the  Earth  in  Mo¬ 
tion,  and  takes  in  the  Effedt  of  the  Centrifugal  Force,  when  he  makes 
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the  Line  of  Tendency  to  be  RP  *,  I  anfwer,  that  if  he  had  confidered 
the  Earth  as  revolving  upon  its  Axis,  he  would  not  have  made  VC  the 
Line  of  Tendency  of  a  fpherical  Earth  in  Motion,  fince  it  is  the  Line 
of  Tendency  of  iuch  an  Earth  at  Reft. 

In  M.  Mairan’s  Obfervation  abovementioned,  he  fays,  c  that  we 
c  are  not  to  compare  the  Centrifugal  Force  at  the  /Equator  of  an  ob- 
‘  long  Spheroid,  with  the  Centrifugal  Force  at  the  /Equator  of  a 
‘  Sphere,  or  at  the  /Equator  of  a  Ratted  Spheroid  of  the  fame  Solidi- 
‘  ty  ;  allowing  that  then  it  would  be  greater  in  the  Sphere,  and  ftill 
‘  greater  in  the  flatted  Spheroid  :  but  only  the  Centrifugal  Forces  in 
c  feveral  Latitudes  upon  the  fame  Figure/’ — But  I  beg  Leave  to  differ 
from  him  for  the  following  Reafonsi 

1.  Becaufe  the  Force  of  Gravity  is  not  the  fame  at  the  /Equator  of 
the  flatted  Spheroid,  as  it  is  at  the  /Equator  of  the  Sphere,  or  as  it  is  at 
the  /Equator  of  the  oblong  Spheroid. 

2.  Becaufe  it  is  not  the  fame  in  different  Latitudes,  in  either  of  the 
Spheroids.  (See  Sir  Ifaac  Newton  Lib.  3.  Prop.  19  and  20.)  And 
Monf.  Mairari* s  Way  of  arguing  will  only  ferve,  in  Cafe  the  Gravity 
fhould  be  the  fame  in  all  the  Points  of  the  Surface  of  the  Earth  in  his 
Figure,  and  alfo  in  the  two  other  Figures. 

For  Example,  let  the  uniform  Gravity  be  called  g  ;  and, 

1.  Let  the  Centrifugal  Force  at  the /Equator  of  the  flatted  Spheroid  be 
called  H-2  ;  and  the  Centrifugal  Force  in  any  Latitude, as  for  Example, 
the  Latitude  of  Paris  (as  it  isdiminifhed  on  Account  of  afhorterCo- 
jflne  of  Latitude,  and  likewife  on  Account  of  its  Obliquity  to  the  Line 
of  Tendency)  be  called  H- 2 — /  ;  the  Difference  of  the  Diminution  of 

Gravity  at  Paris ,  and  at  the  /Equator  will  beg — rT-2 — 


2.  Let  the  Centrifugal  Force  at  the  /Equator  of  the  Sphere  be  call’d 
c-F-i,  and  the  Centrifugal  Force  at  the  Latitude  of  Paris  be  called 

H~I —  l-hm  ;  the  Difference  of  the  Diminution  of  Gravity  at  Paris> 
and  at  the  .Equator  in  a  fpherical  Earth,  will  be 

✓ - =1  /T  ^ 

g — c~\~  i  — g — c~h  1  —  1  — 

3.  Let  the  Centrifugal  Force  at  the  -Equator  of  the  oblong  Spheroid 
be  called  r,  and  the  Centrifugal  Force  at  Paris  be  called  c — 

the  Difference  of  the  Diminution  of  Gravity  at  Paris ,  and  at  theE- 
quator,  in  an  obL-ng  fpheroidical  Earth,  will  be 

g — c —  g — c — 

Now,  if  Gravity  fhould  in  every  Cafe  be  equal  to  g,  it  is  evident, 
that  the  fhortening  of  Pendulums,  at  the  Equator,  would  be 
greater  in  the  oblong  Spheroid,  than  in  the  Sphere,  or  in  the 
flatted  Spheroid  ;  becaufe  as  the  Lengths  of  Pendulums  diminifh  with 
the  Gravity,  thofe  Lengths  will  be  at  Paris  and  at  the  Equator,  when 

compared,  as  g—c-t-2—i  to  g—r+- 2  in  the  flatted  Spheroid  ;  as 

— L-\rm  to  g — c~)r  1  in  the  Sphere,  and  as  g — to 
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„ _ c  ;n  the  oblong  Spheroid ;  and  confequently  from  what  M.  Mai- 

ran  has  demonftrated  this  Ratio  of  g—c—lA-m-Pn  to  g—c,  being 
greater  than  either  of  the  others,  the  pendulums  muft  be  fliortened  in 

the  oblong  Spheroid. 

Bat  as  the  Force  of  Gravity  is  lefs  at  the  /Equator  of  the  Ratted 
Spheroid,  than  at  the  Equator  of  the  Sphere,  or  of  the  oblong  Sphe¬ 
roid  of  the  fame  Solidity  •,  let  us  exprefs  its  Quantity  in  the  three  Cafes 
by  g—s,g,  and  g-H,  and  we  fhall  then  find  the  Lengths  of  the  Pendu¬ 
lums,  at  the  /Equator  of  the  three  Solids,  as  g— r— H-a,  g— r-f-i, 
and  H-j— £■;  and  confequently  the  Lengths  of  Pendulums  will  be 
greateft  at  the  Equator  of  the  oblong  Spheroid,  becaufe  g4-r— c  is 

The  greateft  Quantity.  , 

Laftly,  To  compare  the  Lengths  of  Pendulums  at  the  Aquator  oi 

the  oblon»  Spheroid,  thus  found,  with  their  Lengths  at  the  Latitude  of 
Paris  upon  the  faid  Spheroid— Let  us  exprefs  the  Excefs  of  Gravity  at 
the  Aquator,  whereby  it  is  greater  than  at  Paris  (becaufe  in  this  Fi¬ 
gure,  Paris  is  farther  from  the  Center  of  the  Earth,  than  the /Equa¬ 
tor  by  Part)  by  the  Letter  s,  and  the  Excefs  of  the  Centrifugal 
Force  at  the  Aquator,  above  that  Partof  it  which  afts  dire&ly  againft 
Gravity  at  Paris ,  by  l-\-mr\~n,  the  Gravity  at  Paris  by  g,  and  the 
Centrifugal  Force  at  the  Aquator  by  c  ;  then  g-ks— c  will  ft  ill  repre- 
fent  the  diminifhed  Gravity,  and  anfwer  to  the  Length  of  Pendulums 

at  the  Aquator,  whil ftg — or  g—-c+l-fmfrn  reprefents 
the  diminilhed  Gravity,  and  confequently  the  Length  of  Pendulums  at 
Paris  If  s  be  equal  to  H-ort*»,  Pendulums  will  be  as  long  at  the 
Aquator  as  at  Paris ;  and  if  s  be  greater  than  H-W-+-».  Pendulums 
will  be  longer  at  the  Aquator.  But  making  all  poffible  Allowance, 
in  Favour  of  Monf.  Mairan’ s  Hypothefis,  no  Calculation  will  bring 
l-SrJn-\rn  to  be  greater  than,  or  ever  equal  to  s.  Therefore  Monf. 
Mairan' s  Demonftrations,  abovementioned,  are  of  no  Force  to  prove 

the  Earth  to  be  an  oblong  Spheroid.  ,  ,  ,,, 

And  now,  I  think,  I  have  anfwered  all  that  relates  to  the  Figure  of  the 
Earth  in  Monf.  Mairanb  Differtation  •,  in  (hewing,  Phat  his  Conjectures 
can  neither  be  Supported  by  thofe  Phyfical  Principles  which  Sir  Ifaac  New- 
ton  has  Mathematically  deduced  from  unque ft  toned  Observations  and Lx- 
periments  accurately  made  ;  nor  even  by  thofe  Principles  which  M.  Mai¬ 
ran  has  affumed  to  ferve  his  intended  Purpofe—Phat  his  Demonftrations, 
relatino  to  the  Difference  of  the  Attion  of  the  Centrifugal  Force,  are  of 
no  Service  to  him,  for  reconciling  the  Experiments  made  on  Pendulums, 
with  Monf.  Caffinib  Meafures  ;  —  becaufe,  when  applied  to  Sir  luac 
Newton’s  Principles,  they  will  make  Pendulums  longer  at  the  Mquator 
than  at  Paris,  and  when  applied  to.  Monf.  Mairanb  own  Principles,  they 
will  make  them  a  whole  Inch  (barter  at  the  /. Equator  than  at  Paris,  mw- 
tran  to  all  Obfervations,  which,  at  a  Medium,  make  Pendulums  but 
about  two  Lines  or  of  an  Inch  longer  at  the  .Equator  than  at  ft  a- 
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ris . — That  he  has  built  his  Demonft rations  upon  a  wrong  Notion  of  Gra¬ 
vity — Jnd  that  he  has  riot  conferred  what  is  ?noft  material  in  the  Effetl  of 
the  Centrifugal  Force,  a  fling  on  Bodies  defcending  by  their  Gravity ,  be¬ 
tween  the  /. Equator  and  the  Poles ,  namely ,  the  Alteration  of  their  Line  of 
Direction,  which  would  make  them  fall  out  of  the  Perpendicular  towards 
the  ARquator. 

I  (hall  add  one  more  Philofophical  Argument,  given  me  by  a  Friend, 
to  whom  I  communicated  my  Thoughts  on  this  Subject  *,  becaufe  it  is 
wholly  independent  on  thofe  Principles  of  Philofophy,  concerning 
which,  fome  of  the  Gentlemen  that  believe  the  oblong  fpheroidical 
Figure  of  the  Earth,  and  the  Englijh  Philofophers,  are  not  yet  a- 
greed  ;  and  it  is  this. 

If  the  Earth  was  of  an  oblong  fpheroidical  Figure ,  higher  at  the  Poles 
than  the  AEquator  ;  the  Axis  of  its  Revolution ,  would  either  go  thro 9  one 
of  its  Jhort  Diameters ,  or  be  continually  changing  unlefs  the  faid  Axis 
did  exactly  coincide  with  the  Axis  of  the  Figure. 

Demon]} ration.  Suppofe  fuch  an  oblong  Figure  as  A  a  fixed  to  the  Axis  P  p  at  the 

Center  C,  but  capable  of  moving  freely  round  it  towards  P  or  towards 
Fig.  jQ-.  p,  yet  fo  as  to  be  obliged  to  move  with  the  Axis,  when  it  is  turned 
round.  Suppofe  now  the  Poles  P  and  p  to  be  fixed,  and  the  Body, 
thus  conflituted,  to  be  turned  fwiftly  round  the  Axis  Pp ;  then  if  the 
Angle  ACP  be  oblique,  and  the  Figure  AD  a  E  be  oblong,  the  Parts 
AC  and  C  a  will  acquire  a  Centrifugal  Force,  which  will  enlarge  the 
Angle  p  C  A,  till  it  comes  to  be  a  right  one.  Befides  this,  a  Velocity 
will  be  generated  in  the  Motion,  while  A  is  going  towards  the  Per¬ 
pendicular  cl  C,  which  will  make  it  go  further  on  towards  P,  as  to  B, 
with  a  Motion  which  will  after  that  be  retarded,  till  the  Centrifugal 
Force  has  Strength  enough  to  fend  it  back  again  the  contrary  Way  ; 
and  fo  it  will  move  continually  with  a  reciprocal  Motion,  like  the  Of- 
cillation  of  a  Pendulum  *,  and  if  a  little  of  this  Motion  be  loft  at  every 
Ofcillation,  then  the  oblong  Figure  AD  a  E  will  at  laft  move  quietly 
about  its  leffer  Axis  DE  coinciding  with  P  p. 

If  A  a  did  not  at  fir  ft  exaflly  coincide  with  P  p,  the  Centrifugal  Force 
will  have  the  abovementioned  Efifefl ;  and  that  this  is  not  the  Cafe  in 
the  Earth  is  more  than  probable ,  becaufe  the  unequal  Difiribution  of  Sea 
and  Land ,  befides  the  Phaenomena  of  the  Fides  muft  make  the  Axis  of 
its  Gravity ,  and  confequently  the  Axis  of  its  Revolution ,  to  differ  from 
the  Axis  of  the  oblong  Spheroid ,  if  the  Earth  had  fuch  a  Figure  ;  with¬ 
out  con fi dering  that  every  Earthquake  would  alter  fo  nice  an  .Equilibrium, 
which  once  loft ,  would  never  be  recovered  again. 

To  leave  nothing  unexamined,  relating  to  the  Controverfy,  I  have 
again  confidered  the  Meafures  and  Obfervations,  mentioned  in  the 
Account  of  the  Meridian  drawn  thro’  France ,  in  the  Memoirs  of 
the  *Royal  Academy ,  for  the  Year  1720  *,  and  I  find  them  to  want  a 
great  deal  of  the  Accuracy  required  in  fonice  a  Point,  as  determining 
the  different  Lengths  of  Degrees  upon  the  Surface  of  the  Earth.  To 
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prove  my  A  (Tertio  n,  I  beg  that  the  Reader  will  examine  the  following 
Tables,  whereby  it  appears,  that  if  any  thing  certain  can  be  deduc’d 
from  the  faid  Observations  and  Meafures  (either  taken  as  they  are,  or 
reduc’d  to  the  Level  of  the  Sea,  by  the  Rules  given  by  Monf.  Caffini  *) 
it  will  be  in  Favour  of  Sir  Ij'aac  Newton's  Figure  of  the  Earth,  rather 
than  theirs. 

In  the  following  Table,  the  firft  Column  gives  the  Names  of  Pla¬ 
ces  ;  the  fecond,  the  Diftances  from  Paris ,  according  to  the  Meafures 
taken  by  the  French  Gentlemen  4  the  third,  the  Latitudes,  fuch  as  the 
meafured  Diftances  will  givo  them,  fuppofing  the  Earth  fpherical ;  the 
fifth,  the  Differences  between  thefe  and  the  Latitudes  obferved,  ex- 
preffed  in  Seconds  of  a  Degree,  where  when  the  Latitude  computed, 
exceeds  the  Latitude  obferved,  the  Letter  N  (North)  fhews  that  Dif¬ 
ference  to  be  in  Favour  of  M.  Coffin? s  Figure,  and  the  contrary  Dif¬ 
ference  marked  by  the  Letter  S  (South)  is  in  Favour  of  Sir  Ifaac 
Newton's  Figure. 


Names  of 

Diftances  from 

Latitudes 

Latitudes 

in  a 

Places. 

Paris  meafur’d. 

obferved. 

fpherical  Earth 

I. 

Dunkirk. 

II. 

Toifes. 

1  I25552 

III. 

510  2'  25^ 

computed  from 
the  meafured 
Diftances. 

IV. 

51°  2'  25"j 

Amiens. 

60370 

49  53 

48 

49 

53 

48 

Sourdon. 

4 997°  i 

49  42 

42 

49 

42 

52,1 

Paris. 

48  50 

IO 

48 

5o 

20,3 

Malvoifine 

18838 

48  30 

47 

48 

30 

32.1 

Voufon. 

67962 

47  39 

17 

47 

38 

53.6 

Bourges. 

100192 

47  4 

3  1 

47 

04 

58,7 

S.  Sauvier. 

139934 

46  23 

24 

46 

23 

1 2 

Croc. 

169540 

45  5i 

43 

45 

52 

4,6 

Bort. 

196484 

45  23 

27 

45 

2  3 

45’ 2 

Aurillac. 

223606 

44  55 

*3 

44 

55 

i4>5 

Rodes. 

256575 

44  20 

54 

44 

20 

355i 

Alby. 

280612 

43  55 

32 

43 

55 

T9 

Carcafibne 

321430 

43  12 

56 

43 

12 

24’5 

Collioure. 

360604 

42  31 

J3  f 

42 

3  1 

13)8 

Differences 
in  Seconds. 


o/; 

10.1  N 
10,3  N 
14,9  s 

23>4  S 
27,7  N 
12,0  S 
21,6  N 

18.2  N 

i,5  N 

i9>9  s 
13,0  S 

3 1  j5  S 

o. 


In  this  Table  it  is  to  be  obferved  that  there  is  an  equal  Number  of 
Differences  marked  N  and  S,  and  if  the  Differences  on  each  Side  be 
added  together,  there  will  be  8 9", 4  on  the  North  Side,  and  1 14//,7  on 
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the  South  :  This  lad  agrees  bed  with  Sir  Ijaac  Newton ’s  Figure,  which 
mud  be  fuppofed  for  the  Correction  of  fo  great  a  Difference. 

In  the  next  Table,  the  fird  Column  gives  the  Names  of  Places ;  the 
fecond,  the  Latitudes  obferved  *,  the  third,  the  Didances  in  the  Meri¬ 
dian  from  Paris,  reduced  to  the  Level  of  the  Sea  •,  the  fourth,  the 
Differences  of  the  fecond  Column  exprefs’d  in  Seconds  of  a  Degree  ; 
the  fifth,  the  Differences  of  the  Numbers  in  the  third  Column  ;  and 
the  fixth,  the  Meafure  of  a  Degree  by  the  fourth  and  fifth  Columns 
compared. 


I. 

II. 

III. 

Names  of  Places. 

- 

T  oifes 

Dunkirk. 

1 1 

2' 

i9// 

12545^ 

Amiens. 

49 

53 

56 

60444 

Clermont. 

49 

22 

57 

3102^ 

The  R.  Obfervatory. 

48 

50 

10 

0 

Voufon. 

47 

39 

17 

67959 

qp*  S.  Sauvier. 

46 

23 

24 

139237 

Croc. 

45 

5i 

43 

‘69539 

Bort. 

45 

23 

46 

59648c 

Aurillac. 

44 

55 

13 

,23616 

Rodes. 

44 

20 

53 

256474 

Alby. 

43 

55 

32 

280612 

Carcafifone. 

43 

12 

55 

42143c 

Collioure. 

42 

3i 

13 

56061/) 

IV. 

Second 
of  a  De¬ 
gree. 


rI03/; 

^ 59 
'9  67 
r*5  3 

-.553 
<  901 
1677 

«713 

2060 

1521 

z557 

2502 


Y. 

VI. 

Toifes. 

r  oifes. 

65010 

57°  40 

'.9416 

56965 

3 1028 

56787 

67959 

57525 

71978 

6912 

29602 

;  6058 

26941 

^7834 

^  7 1 3  6 

57028 

32858 

97422 

24138 

57131 

408 18 

57468 

39184 

56380 

In  this  Table  in  the  third  Column,  over-againd  St.  Sauvier ,  the 
Number  which  was  139944  is  corredted  to  make  it  139937,  to  the 
Advantage  of  the  oblong  Figure.  In  the  fixth  Column,  the  Numbers 
appear  fo  irregular,  as  to  be  unfit  to  decide  this  Controverfy.  Then 
if  a  Comparifon  be  made  between  Dunkirk ,  St.  Sauvier  (which  is  ve¬ 
ry  near  the  Middle  of  France ,  and  almod  in  the  Meridian  of  Paris) 
and  Collioure ,  the  Meafurement  is  absolutely  in  Favour  of  Sir  Ifaac 
Newton's  Theory  *,  the  mean  Degree  between  Dunkirk  and  St.  Sauvier 
being  larger  by  about  64  Toifes,  than  between  St.  Sauvier  and  Colli¬ 
oure  •,  and  to  reduce  them  even  to  an  Equality,  there  mud  be  a  greater 
Alteration  made  in  the  Situation  of  thofe  three  Places,  than  it  is  rea- 
ibnable  to  fuppofe  their  Obfervations  to  be  capable  of  admitting. 
Here  follows  the  Comparifon. 


Dunkirk 
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Dunkirk  and  Collioure  1  f  57061 

Dunkirk  and  Paris  56960 

Paris  and  Collioure  f>  A  mean  Degree  is  \>  57097 
Dunkirk  and  S.  Sauvier  |  I  57090,4 

5  Sauvier  and  Collioure  j  »  57026,5 

According  to  M.  Picard ,  57060 

To  conclude,  I  will  propofe  a  Method  of  obferving  the  Figure 
of  the  Shadow  of  the  Earth  in  Lunar  Eel ipfes,  whereby  the  Differ¬ 
ences  between  the  Diameters  in  the  oblong  fpheroidical  Figure,  if  there 
be  fuch  an  one  as  M.  CaJJini  affirms  (viz.  of  96  to  95J  may  be  dif- 
cover  d. 

Let  P7EPJE  reprefent  the  Earth,  feen  from  the  Sun  at  the  Time  of  Fig.  196. 
the  Summer  Solffice  ;  it  is  evident,  that  the  fame  Figure  will  exprefs 
the  Section  of  the  Earth’s  Shadow  at  the  Moon’s  Diffance,  as  feen  from 
the  Earth.  If  EE  reprefents  the  Ecliptick,  JE  M  will  be  the  fhort- 
eft  Diameter  of  the  Seclion  ;  and  if  L  L  be  taken  for  the  Moon’s 
Way,  in  a  total  and  central  Eclipfe  of  the  Moon,  by  obferving  the 
Time  which  is  fpent  in  the  Paffage  of  the  Center  of  the  Moon,  thro’ 
the  Shadow,  and  reducing  that  Time  to  Seconds  of  a  Degree  of  a  great 
Circle  of  the  Heavens,  we  fhall  have  the  leaft  Diameter  of  the  Sha¬ 
dow. 

Again,  let  the  fame  Letters  reprefent  the  fame  Things,  only  here  p;g< 
the  Sedtion  of  the  Shadow  is  fuch,  as  the  Earth  will  caff  at  the  iEqui- 
nox,  and  the  Eclipfe  of  the  Moon  is  here  fuppofed  partial,  its  Center 
juft  touching  the  Shadow.  When  the  Moon’s  Center  is  got  to  c,  if 
the  Latitude  of  its  Center  or  its  Diffance  from  the  Ecliptick  be  obferv- 
ed,  we  fhall  have  the  Length  c C  nearly  equal  to  the  longeft  Semi-dia¬ 
meter  of  the  Shadow. 

Now,  comparing  cC  in  this  Figure  to  LC  in  the  former  (the  Dif¬ 
ference  between  c  C  and  CP  (Fig.  197. J  and  between  CL  and  C7E 
(Fig.  196.)  not  being  worth  Notice)  they  ought  to  be  to  one  ano¬ 
ther,  as  96  to  95,  which  in  fuch  a  Shadow  will  give  a  Difference  of 
about  25^  at  a  Medium,  fenfible  enough  to  be  obferved,  notwith- 
ffanding  the  Penumbra.  If  therefore  thofe  Aftronomers  who  have  In- 
ftruments  nice  enough,  and  fufficient  Skill  in  the  Management  of 
them,  to  take  Angles  to  3  or  4  Seconds  of  a  Degree,  willobferve  what 
I  have  been  mentioning  in  total  and  partial  Eclipfesof  the  Moon  *,  by 
fuch  Obfervations  they  will  eafily  convince  us,  that  the  Figure  of  the 
Earth  is  fuch  as  Monf.  CaJJini  fuppofes  it,  or  convince  him  that  he  has 
been  miftaken- 

The  Semi- diameter  of  the  Earth's  Shadow ,  when  the  Earth  is  in  Peri- 
helio,  and  the  Moon  in  Apogteo  is  38',  or  2  2  8o//,  without  confidering 
the  Encreafe  0}  the  Shadow ,  on  account  of  the  Atmofphere  of  the  Earthy 
which  would  make  it  39 '  or  234.0"  ( allowing  one  Second  for  a  Mile ;)  and 
the  Semi- diameter  of  the  Shadow ,  when  the  Earth  is  in  Aphelio,  and 
the  Moon  in  Perigjeo  is  46',  2o7/,  or  278c/,  which  encreafed  on  account 

F  f  f  of 
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of  the  Atmofphere  of  the  Earth ,  will  bring  it  to  47',  2o/y  or  284c/''. 
Now  if  the  Proportion  of  9 5  to  96  be  taken  in  both  Cafes  you  will  have 

thefe  Analogies  ft f  \  \fff\So  that  2364.",  6-2340* 

~24/y,6  will  be  the  Difference  of  the  Semi-diameters ,  when  the  Section 
of  the  Shadow  is  the  leaf ,  and  2^6ffi — 284c/— 29^,8  will  be  the  Dif¬ 
ference  of  Semi- diameters ,  when  the  Seblion  of  the  Shadow  is  the  great- 
eft  ;  the  Sum  of  thofe  Differences  24//,64-29//,8  halved ,  will  give  the 
'Difference ,  when  the  Settion  of  the  Shadow  is  at  a  Medium  —2  7^,4  \from 
which  if  we  take  27/,4  becaufe  in  Fig.  197.  C  c  is  a  little  lefs  than  C  P, 
and  in  Fig.  196.  LC  is  fomething  greater  than  EC,  we  jhall  have  C c  in 
Fig.  197.  to  compare  with  LC  in  Fig.  196.  which  will  exceed  it  by  25*, 
if  Monf  Cadmi’ j  Figure  of  the  Earth  be  the  true  one . 

4.  Upon  an  Axis  of  Iron,  that  could  be  made  to  turn  fwiftly  (by 
means  of  a  Wheel,  whofe  String  went  round  a  Pulley  fixed  to  the 
faid  Axis)  I  (lipped  on  two  Iron  Hoops,  whofe  Planes  interfered  at 
right  Angles,  reprefenting  two  Colures,  which,  being  of  a  fpring 
Temper,  fprung  in  fuch  Manner  as  to  be  9~  Part  longer  in  that  Dia¬ 
meter  that  coincided  with  the  Axis,  than  in  their  Equatorial  Diame¬ 
ter  ;  this  Proportion  being  the  fame  that  M.  Caffini  fuppofes  to  be  be¬ 
tween  the  Axis  and  Equatorial  Diameter  of  the  Earth.  Two  circu¬ 
lar  Plates,  to  which  the  faid  Hoops  were  riveted,  had  fquare  Holes, 
thro*  which  the  Axis  pafs’d,  fo  that  the  two  Poles  of  the  oblong  Sphe¬ 
roid,  which  the  Hoops  defcribe  in  their  Revolution,  might  approach 
together  in  fuch  Manner,  as  to  let  them  put  on  the  Form  of  a  true 
Sphere,  when,  by  the  Whirling,  the  Equatorial  Diameter  of  the 
Machine  fwelled  and  over-powered  the  Elafticity  of  the  Hoops.  A 
greater  Degree  of  Swiftnefs  turned  the  Sphere  into  an  oblate  Spheroid 
of  Sir  Ifaac  Newton's  Figure.  A  Velocity  ftill  greater  makes  the  Dif- 
proportion  of  the  Diameters,  fuch  as  thofe  of  Jupiter  ;  and  ftill  the 
Equatorial  Diameter  encreafes  with  the  Centrifugal  Force. 

Another  Hoop  with  a  Catch,  reprefenting  the  Equator,  (hews  (in 
the  Experiment;  the  Increafe  of  the  Equatorial  Circumference,  and 
an  Index  applied  to  the  Frame,  fhews  the  Increafe  of  the  Diameter. 
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II.  Upon  perufing  the  Account  which  Dr.  Halley  has  given  in  the 
Tranfaflions ,  N9  360,  of  that  extraordinary  Meteor  which  appeared 
all  over  England ,  March  19,  171  f.  I  obferve  one  very  great  Ufe 
he  fuggefts  might  be  made  of  thofe  momentaneous  Phcenomena,  in  de¬ 
termining  the  Geographical  Longitude  of  Places,  if  we  could  but 
have  the  lead  Notice  of  their  appearing,  &c. 

I  cannot  but  think,  that  fome  other  Meteors  which  are  very  frequent, 
tho’  little  taken  Notice  of,  might  ferve  very  well  for  the  fame  Purpofe. 
I  mean  thofe  which  are  vulgarly  called  Stars fljooting^  or  falling ,  being 
a  Sort  of  natural  Sky-rockets  difcharged  at  a  very  great  Height,  as  I 

cannot 
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cannot  but  imagine  from  this  Circum  ha  nee,  that  they  never  appear, 
any  of  them,  according  to  the  beft  of  my  Obfervation,  where  the 
Sky  is  cloudy  *,  and  therefore,  in  all  Probability,  their  Explofion  is  in 
the  Regions  far  above  the  Clouds,  and  they  themfelves  of  the  fame 
Nature  with  (tho’  perhaps  lefs,  and  much  lower  than)  that  great  Me¬ 
teor  above-mentioned,  whofe  Height  Dr.  Halley  computes  to  have  been 
above  60  Geographical  Miles,  viz.  much  above  the  reputed  Limits 
of  our  Atmofphere.  But  fuppofing  thefe  I  mention  to  be  difeharged 
only  at  20  or  30  Miles  high,  they  may  be  leen  by  different  Obfer- 
vers  at  the  fame  Moment  of  abfolute  Time,  in  very  diftant  Places 
from  one  another,  which  is  the  Thing  required.  For,  if  in  any  two 
Places,  as  the  DoCtor  takes  Notice,  any  two  Obfervers,  by  Help  of 
Pendulum  Clocks  duly  corrected  by  celeftial  Obfervations,  doexaCtly 
note  at  what  Hour,  Minute,  and  Second,  fuch  a  Meteor  is  difeharg¬ 
ed,  the  Difference  of  thofe  Times  will  be  the  Difference  of  Longitude 
of  the  two  Places ;  nor  does  it  require  fo  much  as  the  Ufe  of  a  Tele- 
fcope,  as  in  the  Methods  hitherto  put  in  Practice  for  that  Purpofe. 

Now  thefe  natural  Rockets  I  have  found  to  be  very  frequent  in  every 
Star-light  Night  •,  but  efpecially  after  a  ftormy  Day,  or  in  a  ftormy 
Night.  If,  therefore,  Perfons  who  are  prepared,  as  above,  to  be  ex- 
a6t  in  their  Time,  and  alfo  have  a  moderate  Knowledge  of  the  feveral 
Conflellations,  fo  as  to  delcribe  the  Track  of  any  of  thofe  Meteors  a- 
mongft  the  Stars,  would  but  beftow  any  determinate  Hour  to  be  agreed 
amongfl  them,  as  for  Inftance,  from  8  to  9  each  fuch  Night,  to 
watch  and  obferve  their  Explofions,  noting  down  immediately  the 
Time  and  Track  of  them,  it  would  be  eafy  to  determine,  upon  com¬ 
paring  their  Obfervations,  which  of  thefe  Explofions  each  of  them 
fee  at  the  fame  Time  *,  and  thereby  the  Difference  in  Longitude  of  thofe 
Places  would  be  exaCtly  had,  as  above.  It  would  however  be  worth 
the  while,  this  Way  to  try  whether  fuch  common  Meteors  are  difeharg¬ 
ed,  at  any  confiderable  Height  above  the  Clouds,  and  how  far,  and 
whether  they  differ  much  from  one  another  in  their  Heights. 

III.  It  is  now  above  twenty  Years  fince  I  added  an  Appendix  to  the  APropofalof  a 
fecond  Edition  of  Mr.  Street's  Caroline  tables,  containing  a  Set  of  Ob-  Method  for 
fervations  I  had  made  in  the  Years  1683  and  1684,  for  afeertaining  the  Longitude  at 
Moon’s  Motion  ;  and  giving  a  Specimen  of  what  I  thought,  at  that  Sea  within  * 
Time,  might  be  the  only  practicable  Method  of  attaining  the  Longi-  Degree ,  or 
tude  at  Sea.  What  I  printed  fo  long  ago,  is  as  follows  :  twenty  Leagues, 

c  The  Advantages  of  the  Art  of  finding  the  Longitude  at  Sea,  are  Halfey?LL.D 

*  too  evident  to  need  any  Arguments  to  prove  them.  And  having  by  v.  p.'r.  S. ' 

*  my  own  Experience  found  the  Impracticability  of  all  other  Methods  n.421.  p.  185. 
<  propofed  for  that  Purpofe,  but  that  derived  from  a  perfeCt  Know- 

4  ledge  of  the  Moon’s  Motion  •,  I  was  ambitious,  if  poffible,  to  over- 
1  come  the  Difficulties  that  attend  the  Difcovery  thereof. 
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4  And  firft,  I  had  found  it  only  needed  a  little  Practice  to  be  able  to 
4  manage  a  five  or  fix  Foot  Telefcope,  capable  of  fhewing  the  Appulf- 
c  es  or  Occultations  of  the  Fixed  Stars  by  the  Moon,  on  Ship-board, 

‘  in  moderate  Weather;  efpecially  in  the  firft  and  laid:  Quarters  of  the 
«•  Moon’s  Age ,  when  her  weaker  Light  does  not  fo  much  efface  that  of 
£  the  Stars.  Whereas  the  Eclipfes  of  the  Satellites  of  Jupiter ,  how 
6  proper  foever  for  Geographical  Purpofes,  were  abfolutely  unfit  at  Sea, 

‘  as  requiring  Telefcopesof  a  greater  Length  than  can  well  be  diredf- 
4  ed  in  the  rolling  Motion  of  a  Ship  in  the  Ocean. 

Now  the  Motion  of  the  Moon  being  fofwift,  as  to  afford  us  fcarce 
c  ever  lefs  than  two  Minutes  for  each  Degree  of  Longitude,  and  fome- 
4  times  two  and  a  half;  it  is  evident,  that  were  we  able  perfectly  to 
c  predidt  the  true  Time  of  the  Appulfe  or  Occultation  of  a  Fix’d  Star, 

4  in  any  known  Meridian,  we  might,  by  comparing  therewith  the 
4  Time  obferved  on  Board  a  Ship  at  Sea,  conclude  fafely  how  much  the 
6  Ship  is  to  the  Eaftward  or  Weftward  of  the  Meridian  of  our  Calcu- 
4  lus. 

4  But  after  much  Examination,  and  carefully  collating  the  Caroline 
4  \ Tables  of  Mr.  T.  Street  ('though  generally  better  than  thofe  that 

4  went  before  himj  as  likewife  thofe  of  Tycho ,  Kepler ,  Bullialdus , 

5  and  our  Horrox ,  with  many  accurate  Obfervations  of  the  Moony 
‘  carefully  made  on  Land  ;  it  does  not  appear  that  any  of  thefe  Ta- 
4  hies  do  reprefent  the  Motions  with  the  Certainty  required  ;  and  tho’ 
4  many  times  the  Agreement  feems  furprizing,  when  the  Errors  of  the 
4  feveral  Equations  compenfate  one  another  ;  yet  in  thofe  Parts  of  the 
4  Orb  where  they  all  fall  the  fame  Way,  the  Fault  is  intolerable,  and 
4  the  Refult  many  times  not  to  be  depended  on,  to  more  than  one 
4  hundred  Leagues  ;  that  is  to  fay,  it  is  wholly  inefficient. 

4  Yet  ftill  this  Fault  is  Artificis,  not  Artis :  For  obferving  the  Pe- 
4  riodof  the  Lunar  Inequalities ,  which  is  performed  in  eighteen  Years 
4  and  eleven  Days,  or  two  hundred  and  twenty-three  Lunations  ;  it  is 
4  found  that  the  Returns  of  the  Eclipfes,  and  other  Phaenomena  of 
4  the  Moon’s  Motion,  are  very  regularly  performed;  fo  that  what- 
4  ever  Error  you  found  in  a  former  Period,  the  fame  is  again  repeated 
4  in  a  fecond,  under  the  like  Circumftances  of  the  fame  Diftance  of 
4  the  Moon  from  the  Sun  and  Apogceon . 

4  Thus,  from  the  Obfervation  made  of  the  Eclipfe  of  the  Sun, 
4  which  was  June  22,  1666,  in  the  Morning,  feen  at  London  and 
4  Dantzick ,  i  was  enabled  to  predict,  with  great  Certainty,  that  o- 
4  ther,  which  I  obferved  July  2,  1684,  by  allowing  the  fame  Error 
4  I  found  in  the  Calculus  of  the  former.  And  the  like  with  equal 
4  Certainty  will  do,  in  the  Cafes  extra  Syzygias ,  when  the  Mean  and 
~-4  Synodical  Anomalies  are  nearly  the  fame,  about  the  fame  Time  of 
4  the  Year. 

4  Being  thus  afifured,  from  the  Certainty  of  thefe  Revolutions,  that 
l  all  the  intermediate  Errors  of  our  Tables  were  not  uncertain  Wand- 
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1  rings,  but  regular  Faults  of  the  Theories  ;  I  next  thought  how  I 
c  might  heft  be  informed  of  the  Quantity  and  Places  ofthefe  Defers: 
*  That  being  apprized  how  much,  and  which  Way  my  Numbers  erred, 
‘  T  might  apply  the  Difference,  fo  as  at  all  times  to  reprefent  the  true 
c  Motion  of  the  Moon.  Nor  was  there  any  other  Way,  but  from  the 
4  Heavens  themfelves,  to  derive  this  Corre&ion,  by  a  fedulous  and 
4  continued  Series  of  Ohfervations ,  to  be  collated  with  the  Calculus ,  and 
4  the  Errors  noted  in  an  Abacus  :  From  whence,  at  all  Times,  under 
4  the  like  Situation  of  th tSun  and  Moon ,  I  might  take  out  the  Cor- 
4  redtion  to  be  allowed. 

4  And  having  by  me  the  Sextant  I  made  to  obferve  the  Southern  Stars 
4  at  St.  Helena ,  in  the  Year  1677,  I  fixed  it  for  this  Purpofe  ;  refolv- 
4  ing  to  have  continued  to  obferve,  till  I  had  filled  my  Abacus ,  fo  as  it 
4  might  have  the  Effect  of  exadt  Lunar  Tables ,  capable  to  ferve  at  Sea, 

4  for  finding  the  Longitude  with  the  defired  Certainty. 

4  With  this  Defign,  I  applied  the  Leifure  I  had  procured  myfelf  a- 
4  bout  the  Year  1683,  to  obferve  diligently,  as  often  as  the  Heavens 
4  would  permit,  the  true  Place  of  the  Moon,  efpecially  as  to  Longi- 
4  tude  *,  and  in  the  Space  of  about  fixteen  Months  I  had  gotten  near 
4  two  hundred  feveral  Days  Obfervations,  moft  of  which  I  collated 
4  with  the  Horroxian  Theory  (whofe  Calculus  is  fomething  more  com- 
4  pendious  than  that  of  Mr.  Street )  and  having  placed  the  Errors  in  an 
4  Abacus ,  I  perceived  how  regular  the  Irregularities  were,  and  that 
4  where  the  Moon  had  been  exadtly  obferved  formerly,  at  the  Diftance 
4  of  one  or  more  Periods  of  two  hundred  twenty  three  Months,  I 
4  could  even  prediff  the  Error  of  the  Tables ,  with  a  Certainty  not 
4  much  inferior  to  that  of  the  Obfervations  themfelves.  But  this  De- 
4  fign  of  mine  was  foon  interrupted  by  unforefeen  domeftick  Occafions, 
4  which  obliged  me  to  poftpone  all  other  Confiderations  to  that  of  the 
4  Defence  of  my  Patrimony  :  And,  fince  then,  my  frequent  Avocati- 
4  ons  have  not  permitted  me  to  re-affume  thefe  Thoughts. 

4  In  the  mean  time  I  have  taken  Care  to  prefent  my  Obfervations, 
4  fuch  as  they  are,  to  the  Publick,  in  order  to  preferve  them  ;  affur- 
4  ing,  that  as  on  the  one  Hand  they  were  made  with  a  very  fufficient 
4  In  ft  r  ument  1  with  all  the  Care  and  Diligence  requifite  •,  fo  in  the  re- 
4  mote  Voyages  I  have  fince  taken  to  afcertain  the  Magnetick  Variati- 
4  ons,  they  have  been  of  fignal  Ufe  to  me,  in  determining  the  Longi - 
4  tude  of  my  Ship ,  as  often  as  I  could  get  Sight  of  a  near  Tranftt  of 
4  the  Moon  by  a  known  Fixed  Star :  And  thereby  I  have  frequently 
4  corre&ed  my  Journal  from  thofe  Errors  which  are  unavoidable  in  long 
4  Sea- Reckonings. 

4  If  therefore  you  happen  at  Sea  to  obferve  nicely  the  Time  of  an 
4  Occultalion  orclofe  Application  of  a  Star  to  the  Moon  *,  and  can  find 
4  a  correfpondent  Obfervation,  about  the  fame  mean  Anomaly,  and  Dil- 
4  tance  of  the  Moon  from  the  Sun  (either  among  thefe  of  mine,  or  in 
4  any  other  Colledlion  of  Obfervations  accurately  made)  efpecially  near 
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c  the  fame  Time  of  the  Year;  and,  above  all,  after  the  aforefaid 
4  Period  of  eighteen  Years  and  eleven  Days,  you  may,  without  fenfi- 

<  hie  Error,  from  thence  pronounce  in  what  Meridian  your  Ship  is  ; 

<  taking  Care  in  fo  operofe  a  Calculation,  to  commit  no  Miftake  ;  and, 

4  notwithftanding  the  Diredion  the  Moon  gives  you,  not  confiding 
c  fo  much  therein  as  to  omit  any  of  the  ufual  Precautions  to  preferve 
4  a  Ship  when  fhe  approaches  the  Land. 

4  I  had  intended  to  infill;  more  largely  upon  this  Method  of  obtain- 
4  ing  the  Moon's  Place ,  and,  by  Confequence,  the  Longitude  at  Sea, 

4  but  that  I  find,  that  it  requires  a  juft  Treatife,  too  long  to  be  here 
4  fubjoined :  And,  more  efpecially,  that  the  great  Sir  Ifaac  Newton 
4  (to  whom  no  Mathematical  Difficulty  is  infuperable)  has  been  pleaf- 
4  ed  to  give  us  a  True  and  Phyfical  Theory  of  the  Moon's  Motions, 

4  whereby  the  Defects  of  all  former  Tables  are  fo  far  amended,  that  it 
4  is  hoped  the  Error  may  fcarce  ever  exceed  three  Minutes  of  Motion, 

4  or  fo  little  in  Longitude ,  that,  perhaps,  it  may  be  thought  a  fuffici- 
4  ent  Exadnefs  for  all  the  Ufes  of  Navigation.  If  therefore  what  is  here 
4  offered  find  a  kind  Acceptance  from  tliofe  that  it  chiefly  concerns,  I 
4  fhall  be  encouraged  to  proceed  on  a  Work  I  have  long  meditated, 
4  to  improve  the  abovementioned  Period ,  as  to  the  abbreviating  the 
4  Computation  of  Eclipfes,  and,  in  general,  to  facilitate  the  too  la bo- 
4  rious  Calculation  of  the  Moon's  Place  extra  Syzygias. 

Not  long  after  her  late  Majefty  Queen  Anne  was  pleas’d  to  beftow  up¬ 
on  the  Publick,  an  Edition  of  the  much  greater,  and  mod  valuable 
Part  of  Mr.  Flamfteed's  Obfervations ;  by  Help  of  which  the  great 
Sir  Ifaac  Newton  had  formed  his  curious  Theory  of  the  Moon ,  a  firft 
Sketch  of  which  was  inferted  by  Dr.  David  Gregory  in  his  Aftronomhz 
Phyficw  &  Geometric ce  Elementa ,  publifhed  at  Oxford ,  iyo2  ;  and  a- 
gain,  in  the  fecond  Edition  of  Sir  Ifaac' s  Principia ,  which  came  out  in 
1 713,  we  have  the  fame  revifed  and  amended  by  himfelf,  to  that  De¬ 
gree  of  Exadnefs,  that  the  Faults  of  the  Computus  formed  therefrom 
rarely  exceed  a  quarter  Part  of  what  is  found  in  the  heft  Lunar  T ables 
before  that  Time  extant. 

Being  thus  provided  with  proper  Materials,  viz.  a  large  Set  of 
Obfervations,  and  a  Theory  of  the  Motions  fo  very  near  the  Truth,  I 
refumed  my  former  Defign  of  filling  up  my  Abacus  ox  Synopfis  of  the 
Defeds  of  this  Lunar  Theory ,  and  made  Tables  to  expedite  the  Cal¬ 
culus  according  thereto,  and  compared  the  Numbers  thereof  with  ma¬ 
ny  of  the  moft  certain  of  Mr.  Flamfteed's  Places  obferved.  By  this  it 
was  evident  that  Sir  Ifaac  had  fpared  no  Part  of  that  Sagacity  and  In- 
duftry  fo  peculiar  to  himfelf,  in  fettling  the  Epoches ,  and  other  E- 
lements  of  the  Lunar  Aftronomy ,  the  Refult  many  Times,  for  whole 
Months  together,  rarely  differing  two  Minutes  of  Motion  from  the 
Obfervations  themfelves  ;  nor  is  it  unlikely  but  good  Part  of  that 
Difference  may  have  been  the  Fault  of  the  Obferver.  And  where  the 
Errors  were  found  greater,  it  was  in  thofe  Parts  of  the  Lunar  Orb 
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where  Mr.  Flamfteed had  very  rarely  given  himfelf  the  Trouble  of  ob- 
ferving  ;  viz.  in  the  third  and  fourth  Quarter  of  the  Moon's  Age, 
where  fometimes  thefe  Differences  would  amount  to  at  leaf:  five  Mi¬ 
nutes. 

Mr.  Flamfteed  was  long  enough  poffeifed  of  the  Royal  Obfervatory 
to  have  had  a  continued  Series  of  Obfervations  for  more  than  two  Pe¬ 
riods  of  eighteen  Years  ;  by  which  he  had  it  in  his  Power  to  have  done 
all  that  could  be  expe&ed  from  Obfervation,  towards  difcovering  the 
Law  of  the  Lunar  Motion .  But  he  contented  himfelf  with  fparfe  Ob¬ 
fervations,  leaving  wide  Gaps  between,  fo  as  to  omit  frequently  whole 
Months  together  •,  and  in  one  Cafe  the  whole  Y ear  1716.  So  that  not¬ 
withstanding  what  he  has  left  us  muft  be  acknowledged  more  than  e- 
qual  to  all  that  was  done  before  him,  both  as  to  the  Number  and  Ac¬ 
curacy  of  his  Accounts  ;  yet  for  want  of  an  uninterrupted  Succeffion 
of  them,  they  are  not  capable  of  difcovering,  in  the  feveral  Situations 
of  the  Lunar  Orbit ,  what  Corrections  are  necefiary  to  be  allowed,  to 
fupply  the  Deficiencies  of  our  Co?nputus. 

On  Mr.  Flamfteed' s  Deceafe,  about  the  Beginning  of  the  Year  1720, 
his  late  Majefly  King  George  I.  was  gracioufly  pleafed  to  beftow  upon 
me  the  agreeable  Poll  of  his  Aftronomical  Obferver ,  exprefly  com¬ 
manding  me  to  apply  myfelf  with  the  utmoft  Care  and  Diligence  to  the 
rectifying  the  Fables  of  the  Motions  of  the  Heavens ,  and  the  Places  of 
the  Fixed  Stars ,  in  order  to  find  out  the  fo  much  defired  Longitude  at  Sea , 
for  the  perfecting  the  Art  of  Navigation.  Thefe  are  the  Words  of  my 
Commiffion  ;  and  here  I  might  have  thought  myfelf  in  a  Condition  to 
put  in  Execution  my  long  projected  Defign  of  compleating  my  Aba¬ 
cus  y  or  Table  of  the  Defers  of  our  Lunar  Numbers  ;  but  on  taking 
Poffeflion,  I  found  the  Obfervatory  wholly  unprovided  of  Inftruments , 
and  indeed  of  every  thing  elfe  that  was  moveable,  which  poftponed 
my  Endeavours  till  fuch  Time  as  I  could  furnifh  myfelf  with  an  Appa¬ 
ratus  capable  of  the  Exactnefs  requifite.  And  this  was  the  more  grie¬ 
vous  to  me,  on  account  of  my  advanced  Age,  being  then  in  my  fix- 
ty  fourth  Year,  which  put  me  paft  all  Hopes  of  ever  living  to  fee  a 
compleat  Period  of  eighteen  Years  Obfervation. 

But,  Thanks  to  God,  he  has  been  pleafed  hitherto  to  afford  me 
fufficient  Health  and  Vigour  to  execute  my  Office  in  all  its  Parts  with 
my  own  Hands  and  Ejes,  without  any  Affiftance  or  Interruption, 
during  one  whole  Period  of  the  Moon's  Apogee  *,  which  Period  is  per¬ 
formed  in  fomewhat  lefs  than  nine  Years.  In  this  Time  I  have  been  a- 
ble  to  obferve  the  Right  Afcenfion  of  the  Moon  at  her  Tranfit  over  the 
Meridian ,  near  fifteen  hundred  times  (and  with  an  Exactnefs,  I  am 
bold  to  fay,  preferable  to  any  thing  done  before)  a  Number  not  lefs 
than  thofe  of  the  noble  Tycho  Brahe ,  Hevelius  and  Flamfteed ,  taken  in 
one  Sum,  there  being  near  four  of  my  Lunar  Obfervations  for  each 
D  egree  of  the  Zodiack,  as  alfo  for  each  Degree  of  the  Argumentum  an - 
nuum9  or  Diftance  of  the  Sun  from  the  Moon's  Apogee .  And  that 
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thefe  might  be  duly  applied  to  rectify  the  Defects  of  our  Computati¬ 
ons  ,  I  have  myfelf  compared  with  the  aforementioned  Tables,  made 
according  to  Sir  Ifaac's  Principles,  not  only  my  own  Obfervations, 
but  alfo  above  eight  hundred  of  Mr.  Flamfteed's. 

This  Comparifon  of  my  own  Obfervations  (from  the  Time  I  efteem 
them  compleat)  with  the  Computus  by  the  laid  Tables,  being  now 
continued  for  above  nine  Years,  I  defign  fpeetiily  to  communicate  it 
to  the  Publick,  together  with  the  Tables  themfelves,  which  have 
been  printed,  and  fhould  long  fince  have  been  publifhed,  had  not  my 
Poft  at  Greenwich  given  me  an  Opportunity  to  examine,  with  proper 
Nicety,  in  what  Parts  of  the  Lunar  Orb,  and  how  much,  our  Num¬ 
bers  erred.  So  ufeful  an  Addition  as  this,  it  is  hoped  may  fully  an- 
fwer  the  long  delayed  Expectation  fome  Perfons  may  have  had  of  fee¬ 
ing  the  faid  Tables  fooner.  By  Means  thereof,  thofe  that  are  qualifi¬ 
ed  may,  if  they  pleale,  examine  by  their  own  Obfervation  the  Truth 
of  what  is  here  afferted. 

Comparing  likewife  many  of  the  mod:  accurate  of  Mr.  Flamfteed , 
made  eighteen  or  thirty  fix  Years  before  (that  is  one  or  two  Periods  be¬ 
fore  mine)  with  thofe  of  mine  which  tallied  with  them,  1  had  the  Sa¬ 
tisfaction  to  find  that  what  I  had  propofed  in  1710  was  fully  verified  *, 
and  that  the  Errors  of  the  Calculus  in  1690  and  1708,  for  Example, 
differed  infenfibly  from  what  I  found  in  the  like  Situation  of  the  Sun  and 
Apogee,  in  the  Year  1726.  The  great  Agreement  of  the  Fheory 
with  the  Heavens  compenfating  the  Differences  that  might  otherwile 
arife  from  the  Incommenfurability  and  Excentricity  of  the  Motions 
of  the  Sun,  Moon  and  Apogee. 

Encouraged  by  this  Event,  I  next  examined  what  Differences  might 
arife  from  the  Period  of  nine  Years  wanting  nine  Days,  in  which 
Time  there  are  performed  very  nearly  one  hundred  and  eleven  Lunati¬ 
ons,  or  Returns  of  the  Moon  to  the  Sun  •,  but  the  Return  of  the  Sun  to 
the  Apogee  in  that  Time  differing  above  four  times  as  much  from  an 
exadl  Revolution  as  in  the  Period  of  eighteen  Years,  I  could  notexpedl 
the  like  Agreement  in  that.  However,  having  now  entered  upon  the 
tenth  Year,  I  compared  what  I  had  obferved  in  the  Years  1721  and 
1722,  with  my  late  Obfervations  of  1730  and  1731,  and  have  rarely 
found  a  Difference  of  more  than  one  fingle  Minute  of  Motion  (Part  of 
which  may  probably  arife  from  the  fmall  Uncertainty  that  always  at¬ 
tends  Aftronomical  Obfervation)  but  moft  commonly  this  Difference 
was  wholly  infenfible  ;  fo  that  by  the  Help  of  what  I  obferved  in  1722, 
I  prefume  I  am  able  to  compute  the  true  Place  of  the  Moon  with  Cer¬ 
tainty,  within  the  Compafs  of  two  Minutes  of  her  Motion,  during 
this  prefent  Year  1731,  and  fo  for  the  future.  This  is  the  Exadtnefs 
requifite  to  determine  the  Longitude  at  Sea  to  twenty  Leagues  under 
the  Equator,  and  to  lefs  than  fifteen  Leagues  in  the  Britifh  Channel. 

It  remains  therefore  to  confider  after  what  Manner  Obfervations  of 
the  Moon  may  be  made  at  Sea  with  the  fame  Degree  of  Exactnefs : 

But 


Longitude  of  Buenos  Aires.  407 

But  fince  our  worthy  V ice- Pre fident  John  Hadley,  Efq;  (to  whom  we 
are  highly  obliged  for  his  having  perfected  and  brought  into  common 
Ufe  the  Reflecting  Telefcope )  has  been  pleafed  to  communicate  his  mo  ft 
ingenious  Invention  of  an  Inftrument  for  taking  the  Angles  with  threat 
•Certainty  by  Refiedlion  ( Vid .  LranfaCl.  N°  420  )  it  is  more  than  pro¬ 
bable  that  the  fame  may  be  applied  to  taking  Angies  at  Sea  with  the  de- 
fired  Accuracy. 

IV.  1.  I  have  as  Occafion  offered,  made  it  my  Bufinefs  to  colled  The  Longitude 
fuch  Celeftial  Obfervations  as  might  be  of  Ufe  to  determine  the  ^Buenos 
Longitudes  of  Places  on  the  Sea-coaft  of  the  World  ;  in  order  to  get  Aircf  deter' 
as  near  as  poffible  the  Out-line,  or  true  Figure  of  the  Earth,  with- 
out  which  our  Geography  of  the  Inlands  mufc  neceffarily  be  very  in-  made'there  by 
fufficient.  The  Memoirs  of  the  Royal  Academy  of  Paris ,  afford  a  Pere  Feuillee. 
good  Number  of  Obfervations  of  this  Kind,  and  among  the  reft,  ^  the  fame. 
there  is  one  made  at  Buenos  Aires  on  the  River  of  Plate ,  in  the  South  N°3~0M64- 
America ,  by  Pere  Feuillee  in  his  Voyage  to  Peru :  Who,  in  the  Me¬ 
moirs  for  the  Year  1 7 1 1,  is  faid  to  have  obferved  at  that  Place  on  the 
19th  of  Auguft,  1708,  the  Immerfion  of  the  Star  in  the  Southern  Foot, 
of  Virgo  (marked  by  Bayer  with  behind  the  obfcure  Limb  of  the 
Moon.  Being  defirous  to  fee  what  Longitude  might  be  deduced  from 

•  this  Obfervation,  I  foon  found  that  there  was  a  Fault  in  the  Day,  and 

•  likewife  in  the  Star  ;  for  that  \  of  Virgo  was  then  nearly  in  3  Degrees 
of  Scorpio ,  and  the  Moon  would  not  be  there  till  the  next  Day,  Mon¬ 
day  the  20th  of  Auguft  and  the  Latitude  of  \  being  about  half  a  De¬ 
gree  North,  the  Moon  at  that  Longitude  would  be  about  3  Degrees 
more  Southern  than  the  Star,  and  confequently  far  from  Eclipfmg  it ; 
for  that  at  that  Time  the  defending  Node  was  in  the  very  Beginning  of 
Libra.  Hence  I  concluded  it  muft  be  fome  other  Star,  that Pere  Feu¬ 
illee  obferved  Eclipfed  by  the  Moon  :  The  Day  was  certainly  the  20th 
and  not  the  19th  of  Auguft ,  as  was  evident  by  the  Place  of  the  Moon  ; 
but  as  to  the  Star,  it  was  neither  in  the  Fychonick  Catalogue,  nor  yet  in 
that  more  copious  Britifo  Catalogue  of  Mr.  Flamfteed  •,  but  turning 
over  that  of  Hevelius ,  I.  found  a  Star  whofe  Situation  agreed  well  with 
the  Obfervation,  and  was  undoubtedly  the  Star  that  was  feen  to  im¬ 
merge  behind  the  Moon  :  The  Place  Mr.  Hevelius  gives  it,  allowing 
the  Preceflion  of  the  Equinox,  was  then  iQ  56'“  with  South  Lati¬ 
tude  20  51'-.  It  remained  then  for  me  to  be  allured  of  the  Place  of 
this  Star,  and  accordingly  on  the  21ft  and  24th  of  December  laft,  I 
got  fuch  Obfervations  by  Help  of  the  circumjacent  Stars,  that  I  was 
affured  the  Place  of  the  Star  (which  is  a  fair  Star,  of  the  5th  Magni¬ 
tude)  was  at  that  time,  iQ  58'  40//  with  South  Latitude  2Q  54  '-, 
being  above  2'  in  Longitude,  and  3'  in  Latitude,  more  than  Hevelius 
gives  it.  The  Hour  or  this  Occultation  is  fet  down  precifely,  yh  5' 

at  Buenos  Aires ,  the  Latitude  of  the  Piace  being  340  35-South. 

Whence  the  Altitude  of  the  Moon  there  was  then  42 Q  48',  and  the 

G  g  g  Paralladlick 


40  8  Longitude  of  Carthagena. 

Paralla&ick  Angle  y6Q  38',  and;,  the  Parallax  in  Longitude  40*  irf  to 
rhe  Weft,  and  in  Latitude  9'  3  ^  to  the  North.  So  the  Moon’s  ob- 
ferved  Place  corrected  by  Parallax  was  til  28  28'  4 !'  with  South  Lati¬ 
tude  2q  52'  j.  To  this  Place,  by  the  Calculus  of  thofe  Numbers  I 
have  fitted  to  our  Prefident’s  Theory  of  the  Moon  (but  which  would 
be  improper  and  too  long  to  be  here  recitedj  the  Moon  will  be  found 
to  have  arrived  Augufi  the  ~0  at  ioh  57'  3 67/  apparent  Time  at  London. 
But  at  Buenos  Aires  it  was  then  computed  but  yh  5  whence  the:- 
Difference  of  Longitude  refulting  from  this  Obfervation  is  3^  52' or  58 
Degrees,  by  how  much  Buenos  Aires  is  more  Wefterly  than  London. 

I  have  twice  repeated  the  Calculation  to  be  fure  to  avoidError,  and  by 
comparing  my  Chart  of  the  Variation  with  the  Longitude  thus  found, 
it  appears  that  in  this  Cafe  a  Ship  at  Sea  ufing  thofe  Tables  and  that 
Chart,  would  by  an  Obfervation  .of  this  Occultation  have  fallen  with 
greater  Exa&nefs  on  the  Coaft  of  America ,  than  by  any  Reckoning 
can  be  pretended  to  be  done. 

Tbe  Longitude  2.  Having  lately,  by  the  Favour  of  Sir  Hans  Sloane ,  received  3 
oj  Carthagena  Packet  of  Obfervations  from  Cartagene  in  America ,  made  by  Colo- 
£  ^thffame  ne*  ^on  Juan  de  Herrera ,  Chief  Engineer  of  that  City,  I  find  among 

fo  yjfp,  them  one  Immerfion  of  the  firft  Satellite  of  Jupiter  into  his  Shadow, 

337.  obferved  there  by  a  Telefcope  of  1 7  \  Feet,  on  April 9.  Stilo  vet.  1722. 

at  1 5  b.  58' 44/;  apparent  Time;  and  two  Emerfions  of  the  famey 
viz.  July  5.  1 1  b.  23'  41  ^  and  July  21.9  b.  42'  1  yu  Stil.  vet.  all  which 
tally  v/ith  Obfervations  made  at  fVanJled ,  by  the  Reverend  Dr.  Pound 
and  Mr.  Bradley ,  who  obferved  there  the  very  next  Eclipfes  to  all  the 
three  ;  that  is  to  fay,  the  Immerfion  by  a  fifteen  Foot  Tube,  on 
April  11.  1 5  b.  28'  40"  'Temp.  esqu.  or  15  b.  30'  25"  Temp.  app.  And  the 
firft  Emerfion,  July  7.  10  h.  59'  28/;  Temp.  esq.  by  the  Reftedter,  and 
i8/;  after,  or  10  b.  59'  46/7  by  the  15  Foot  Glafs,  that  is,  10  b ■  54'  i2// 
apparent  Time.  The  other  was  obferved  at  JVanJled ,  July  23.  9  b. 
19'  10"  Temp.  esq.  both  by  the  Refledter  and  15  Foot  Glafs  *,  that  is  to 
fay,  at  9  b.  13'  35^  apparent  Time.  Subftradt  from  each  of  thefe  one 
Period  of  this  Satellite,  or  1  d.  18  b .  28/  36^  and  April 9.  15  b.  58'  44^ 
at  Cartagene  will  be  21  b.  1'  49^  of  the  fame  Day  at  IVanfted ,  and  the 
Difference  of  Meridians  $b.  3'  5/;.  Likewife  by  the  firft  Emerfion, 
July  5.  11  b.  23'  4i/yat  Cartagene, was  at  LVanfted  1 6b.  25'  36^  of  that 
Day,  whence  the  Difference  of  Meridians  5  b.  1' 55".  But  by  the 
laft  Emerfion,  July  21.  9  b.  42'  17^  at  Cartagene  was  14  b.  44, 59/y  at 
IV anfted  ;  whence  tVanJled  is  5  b.  2  4211  more  eafterly  than  Cartagene : 
and  taking  the  Medium  of  all  three,  5  b.  2'  34^  or  750  38'  may  be 
taken  for  the  true  Difference  of  Longitude,  that  is,  75  \  from  Lon¬ 
don ,  which  compared  with  Capt.  Candler's  Obfervation  of  the  late  Lu¬ 
nar  Eclipfe,  fhews  Cartagene  to  be  about  20  Leagues  to  the  Eaftwards 
of  Port  Royal  in  Jamaica. 
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Longitude  of  the  Fort  of  New  York. 

3.  The  Latitude  of  the  Fort,  was  formerly  determined  to  be  40^ 
40'. 

Aug.  9.  1723.  Time  of  Emerfion  at  London ,  ac¬ 
cording  to  Mr.  Pound's  Tables,  reduced  to  apparent  11.  '  11 

Time  16  09  25 

Time  as  it  was  feen  at  New  York  1  r  10  43 

Difference  of  Meridians  4  58  42 

I  negle&ed  to  write  down  the  Altitudes  which  were  taken  of  the  Sun, 
for  correcting  the  Clock. 

K— •-  ~  .  .  / 

Aug.  25.  Alt.  of  the  Sun’s  Upper  Limb:  Time  by  the  Clock.  Time  by  Calculat. 
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Sun’s  Declin. 
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Time  of  Emerfion  by  Mr.  Pound's  Tables 

14 

31 

25 

Equation  of  Time  to  be  added 
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47 

T ime  obferved  by  the  Clock 

09 

35 

14 

The  fame  corrected 
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■ - Of  the 

Fort  of  New- 
York,  from  E- 
clipfes  of  the 
firft  Satellite 
of  Jupiter 
communicated, 
by  William 
Burnet,  Efqi 
Governor  of 
New  York, 

F.  R.  S. 
n.  385.  p.  162. 


The  Difference  of  Meridians  04  58  33 

This  I  look  upon  as  the  moft  difbindk  and  belt  Obfervation. 


Sept.  10.  Alt.  of  the  Sun’s  Upper  Limb. 

o 

Sun’s  Declin.  C23  21 

49'  $34  O  6 

Sept.  17  th 

Sun’s  Declin.  C17  17 

iQ  54'  Li 5  15 


Time  by  the  Clock. 

H.  ' 

09  01 


04  '21 


Time  of  Emerfion  by  the  Clock  Sept.  10. 
Time  of  Emerfion  by  Mr.  Pound's  Tables 
Equation  of  Time  to  be  added 


Corre&ed  Time  at  New- York. 
Difference  of  Meridians 
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June,  2  6. 

»7  2L 


dW*  26. 


Lcngitude  of  Lisbon,  Paris,  and  London. 


7 

June  27  th, 
Sun’s  Declin 
2,2  .  26. 


the  Sun’s  Upper  Limb. 

Time  by  the  Clock. 

Time  by  Calculat. 

O 
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09  48  03 

°9  43  37 
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5  6s  3 1 

10  27  43 

10  27  05 

i  65  2  1 

10  40  00 

10  39  27 

H.  '  " 

Time  of  Immerfion  by  the  Clock 
Time  of  Immerfion  by  Mr.  Pound’ s  Tables 
Equation  of  Time  to  be  fubftracfted 


Time  at  New-Tork  corrected 
Difference  of  Meridians 


1 1 
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00 


4i 
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04 


12 
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16  38  36 

11  40  15 

04  58  21 


The  Mean  of  all  thefe  Obfcrvations  is  4h  58'  30",  which  agrees  to 
3/;  with  that  Obfervation,  which  I  thought  the  moft  exadt,  and  there¬ 
fore  the  Longitude  of  New  York ,  is  nearly  74°  57' 30//  Weft  from 

London. 

Variation  of  The  Variation  of  the  Magnetick  Needle  was  obferved,  this  Year,  to 
the  Needle.  be  yQ  2o'  Weft.  Philip  Wells,  Surveyor  General  of  this  Province, 
in  the  Year  1686,  obferved  it  to  be  8^  45' ;  by  which,  it  appears  to 
decreafe  about  iQ  25'  in  38  Years,  or  a  little  more  than  two  Minutes 
in  a  Year.  -  * 


—  OfUC- 
bon,  Paris,  and 
London,  from 
Eclipfes  of  the 
Moon, an  dof the 
Sate llitts  of 
Jupiter,  by  F. 
j.  Bapt.  Car¬ 
bone,  n.  28c. 
p.  186. 


Comp  ami  [on 
d:s  Obfervati- 
ons  de  I'Eclipfe 
de  Lune  dn  i 
Novembre 
1  7  24,  faites 
a  Li i bone,  Cj f 
a  Paris. 


4.  Illud  advertere  juvat,  differentiam  inter  hunc  meridianum,  ac 
Parinenfem,  minorem  jam  inventam,  ac  nos  antea  putabamus  j  non 
quidem  novis  obfervationibus  hic  habitis,  fed  iifdem  cum  Parifienfrbus, 
quas  modo  accepimus,  comparatis.  Nullas  antehac  acceperamus,  un¬ 
de  di  diam  differentiam  deprehendere  certo  poffemus  *  fed  noftras  ob- 
fervationes  unice  contuleramus  cum  fupputationibus  domini  Lieut aud , 
meridiano  Parifienfi  accommodatis,  in  fuo  libello,  quem  ConnoijJance 
des  L mps  infcribit,  &  quotannis,  Academiae  regiae  juffu,  in  lucem 
edit.  At  nimium  a  vero  aberrare  illas  dignovimus,  praecipue,  quae 
ad  im  m  er  fi  anes ,  atque,  emerfion.es  intimi  Jovis  fatellips  fpedfant. 
Ipfe  enim  pbfervationes  habitae  in  Obfervatorio  regio,  modo  duobus, 
modo'  tribus,  modo  etiam  4  minutis,  ab  illis  diffentiunt.  En  tibi 
comparationem  noftrae  obfervationis  lunaris  Eclipfts,  cum  obfervatione 
Pariiknfi,  ab  ipfo  Maraldo., obfervatore,  &  regio  aftronomo  fabla ,  cui 
etiam«upponam  comparationes  immerfionUm  atque  emerlionum,  quae 
utiobique  fuerunt  oblervatas :  omnia  genuino  idiomate,  quo  fuerunt 
ad  me- miffa*  Parifiis. 

.  Qubyqne>dans  cette  eclipfe,  Pombre.de  la  Lune.n’ait  point  paru 
terminee.  a  Lisbone,  ny  a  Paris, ce  qui  a  rendu  la  determination  de  ces 
phafes  plus^fRciles,  cependant  la  plus  part  des  obfervationes V  accor« 

c  V  ’  r  _r  dent 
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Longitude  of  Lisbon,  Paris,  and  London. 

dent  fi  bien  enfemble,  que  nous  avous  cru  devoir  faire  la  comparaifon 
des  phafes  principales,  qui  paroiffent  avoir  ete  obfervees  avec  le  plus  d* 
exa&itude,  pour  en  determiner  la  difference  des  meridiens  entre  Lift 
bone,  &  Paris. 
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54 

Commencement  a  Lisbone 
a  Paris 

Difference  des  meridiens  entre  Lisbone  &  Paris 
L’ombre  a  Ariftarque  a  Lisbone 
a  Paris 
Difference 

a  Lisbone  l’ombre  a  Galilee 

a  Paris 

Difference 

a  Lisbone  l’ombre  au  bord  feptentrional  de  la  mer 
Cafpiene 
a  Paris 
Difference 

a  Lisbone  1’ombre  a  Proclus 

a  Paris 

Difference 

a  LisbGne  Ariftarque  fort  de  Pombre 

a  Paris 

Difference 

Tout  Copernic  eft  hors  de  Pombre  a  Lisbone 

a  Paris 

Difference 

Timocharis  eft  forti  de  Pombre  a  Lisbone 
a  Paris 

.  j 

Difference 

Platon  eft  entierement  hors  de  Pombre  a  Lisbone 

a  Paris 

Difference 

Fin  de  P  eclipfe  a  Lisbone 

a  Paris 

Difference 


Suivant  ces  obfervations  la  duree  de  P  eclipfe  a  Lisbone  a  ete  de  2h 
51 "  plus  petite  feulementde  9  fecondes  qu’elie  n’a  ete  obfervee  a 
Paris,  &  la  difference  des  meridiens,  qui  refuse  des  obfervations  du 
commencement  &  de  la  fin  eft  de  45'  50'7  c;e  qui  s’approche  beau-  Comparaifon  de 
coup  de  ce  qui  refulte  de  la  comparaifon  des  a  utres  caches  obfervees  a  quclques  Ob- 

f  o  1  i  i  jervations  des 

Lisbone,  &  a  1  arts.  ^  ;  •  Satellites  de 

Nous  avons  fait  a  Pobfervatoirce  royal  de  Paris  pluueurs  ooierva-  jupitcrtyai;es 

tions  correfpondantes  a  celles  qui  no, as  ont  eteje.iVo-ytcs  de  Li.bone,  a  jyy?Jr)  & 

en  void  la  comparaifon.  a  la, is. 
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Longitude  of  Lisbon. 
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Le  25  Sept.  1724 
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Emerfion  a  Lisbone 
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58 
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45 

14 

Difference 

La  plus  part  de  ces  obfervations,  s’  accordent  a  donner  la  diffe¬ 
rence  des  meridiens,  entre  Lisbone  &  Paris  de  45'  48 "  d’heure,  ce 
qui  s’accorde  avec  toute  l’exa&itude  que  Ton  peut  efperer,  a  celle 
que  l’on  a  determinee  par  Tobfervation  derniere  de  l’eclipfe  de  Lune, 
&c.  Hadlenus  Maraldus ,  cujus  obfervationem  lunaris  eclipfeos,  feor- 
fim  tranfcribere  non  vacat;  pluribus  enim  curis  fum  diftentus. 

Si  vera  eft  praedidta  differentia,  nempe  45'  48 erit  differentia  in¬ 
ter  hunc  meridianum  Ulyffiponenfem,  &  Londini,  36'  yff9  quam  mox 
collatis  obfervationibus  in  utroque  meridiano  faciendis,  melius  exami¬ 
nabimus,  certi ufque  deprehendemus. 


— .o/Lir- 

bon,  and  tbe 
Fort  of  New 
York,  from 
Wan  lied  and 
London,  de¬ 
termined  by 
,'Eclipfes  of  the 
■Firfl  Satellite 
e/'Jupiter.  By 
the  Rev.  Mr. 
James  Brad¬ 
ley.,  M.  A. 
Aftron.  Prof. 
SaviJ.  F.  R.  S. 
Nc'j94-p.  85. 


5.  Some  curious  Aftronomical  Obfervations  having  lately  been 
communicated  to  this  Society  from  Lisbon ,  among  which  were  feveral 
Eclipfes  of  the  firft  Satellite  of  Jupiter ;  I  was  willing  to  examine 
whether  I  had  made  any  at  JV anfied  which  tallied  v/ith  them,  that  by 
comparing  fuch  together, the  true  Diffence  of  Longitude  between  thofe 
Places  might  be  found.  But  looking  over  my  Obfervations  of  the 
firft  Satellite,  made  laft  Year  and  the  beginning  of  this,  I  meet  on¬ 
ly  with  Two  Emerfions  that  were  obferved  the  fame  Night  both  at 
Lisbon  and  fVanfted.  There  are  others,  indeed,  made  within  a  few 
Days  of  each  other,  which  may  likewife  be  made  ufe  of  to  deter¬ 
mine  the  Difference  of  Longitude  ;  but  not  with  the  fame  Degree  of 
Certainty,  by  reafon  of  the  irregular  Motion  of  the  Satellite  ;  which 
I  prefume,  chiefly  arifes  from  the  Gravity  of  the  other  Satellites  to¬ 
wards  it.  For  although  the  Effe£t  of  the  Influence  that  the  Satel¬ 
lites  have  on  each  other,  is  moft  remarkable  in  the  Second,  whofe 
Motion  will  fometimes  be  accelerated  or  retarded  thereby,  as  much 
as  amounts  to  30  or  40  Minutes  in  time,  in  the  fpace  of  about  feven 
Months,  or  in  half  the  Period  in  which  the  three  innermoft  Satellites 
‘return,  to  have  nearly  the  fame  Pofition  with  refpedt  to  themfelves, 
.and  the  Shadow  of  Jupiter  ;  yet  the  firft  feems  alfo  liable  to  Inequa¬ 
lities  that  cannot  well  be  accounted  for,  buj  from  fome  fuch  Caul'e  as 

is 


Longitude  of  Lisbon. 


is  before-mentioned,  the  effed  of  which  will  not  eafily  be  reduced  to 
any  Rule,  but  from  a  long  and  exad  Series  of  Obfervations.  And 
till  fome  better  and  more  certain  Rule  can  be  found  out,  we  may 
fuppofe,  that  the  Effed  produced  by  this  Caufe,  is,  during  fmall 
Intervals,  proportionable  to  the  Time.  On  this  Suppofition  I  have 
compared  fome  Obfervations  with  others  not  made  the  fame  Nights ; 
and  the  refult  is  nearly  the  fame  as  in  thofe  which  were  obferved  at 
the  fame  time  in  both  Places,  as  will  appear  by  the  following  Parti¬ 


culars. 

The  Immerfion  of  the  Firft  Satellite  was  obferved  at  Wanfted 
with  Mr.  Hadley's  receding  Telefcope  on  Auguft  4,  N.  S.  1725,  a- 
bout  4 s"  after  the  time  of  the  Immerfion,  as  calculated  from  my  Ta¬ 
bles.  By  another  Obfervation  made  Auguft  29,  N.  S.  the^  true  Im¬ 
merfion  preceded  the  Calculation  from  the  fame  Tables  1  10".  So 
that  in  25  Days  the  Satellites  Motion  was  accelerated  as  much  as  an- 
fwered  to  i'  55*  in  time.  Suppofing  therefore  the  Acceleration  to 
have  been  in  the  fame  proportion  between  July  28,  and  Auguft  4, 
N.  S.  then  the  true  Immerfion  July  28,  N.  S.  would  have  happened 
at  Wanfted  about  1'  15"  after  the  time  by  the  Tables,  which  make 
the  Immerfion  at  i2h  48*45'  App.  Time.  The  true  Immerfion  there¬ 
fore  was  at  Wanfted  July  28,  N.  S.  i2h  50'  0'  App.  Time  ;  and  at 
Lisbon  ’twas  obferved  at  12*»  12'  2 6"  App.  Time,  the  Difference  be- 

ing  37'  34/y. 

September  28,  N.  S.  the  Firft  Satellite  was  feen  emerging  in  the 
Refleder  at  Wanfted  3*  50^  fooner  than  the  Tables  make  the  Emer- 
fion  *,  and  by  the  Mean  of  two  more  Obfervations  made  at  the  fame 
Place,  and  with  the  fame  Telefcope,  on  the  14th  and  16th  of  Octo¬ 
ber ,  N.  S.  the  true  Emerfion  preceded  the  Calculation  4'  30//.  We 
may  therefore  from  hence  conclude,  that  on  Sept.  21,  N.  S.  the  true 
Emerfion  at  Wanfted  preceded  the  Calculation  by  the  Tables  about 
2,  35/;,  and  that  the  true  Emerfion  there  was  at  i2h  1'  15'  Apr .  1  1 
but  this  Emerfion  was  obferved  at  Lisbon  at  nh  24'  55^,  the  Diffe¬ 


rence  being  36'  20^. 

The  Obfervations  at  Wanftedbzing  made  with  Mr.i/^/sRefled- 
ino-  Telefcope  (by  which  one  may  fee  the  Firft  Satellite  near  ±  of  a 
Minute  fooner  when  ’tis  Emerging,  than  in  a  Refrading  Telefcope 
of  15  Feet,  and  the  contrary  when ’tis  Immerging)  there  ought  to 
be  fome  Allowance  made  on  account  of  different  Telefcopes  made 
ufe  of  at  Lisbon  and  Wanfted,  by  deduding  10  or  15^  from  the  Dif¬ 
ference  of  Time  collededfrom  the  Immerfions,  and  adding  as  much, 
to  the  Difference  deduced  from  the  Emerfions.  Such  Corredion  be¬ 
ing  made,  the  Difference  of  Meridians  by  the  Immerfion  obferve 
Juh  28,  will  be  37»  20 ",  and  by  the  Emerfion  Sept.  21,  36  35  . 

The  Emerfion  obferved  at  Lisbon  December  8,  N.  S.  at  8  32 
40"  Apparent  Time,  was  likewife  feen  at  Wanfted  in  a  15  toot 
Tube  *?t  9h  io*  5"  Apparent  Time,  the  Air  being  a  little  hazy^ 
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New  Tork. 


Longitude  of  New  York. 

which  may  probably  make  the  Difference  37'  25^  a  little  too 
great. 

The  Emerfion  feen  at  Lisbon  Jan.  16,  1726.  N.  S.  at  6h  5T  io/7, 
which  Teems  accompanied  with  Circumftances  that  argue  its  Exact- 
nefs,  was  likewife  very  well  obferved  at  Wanfted  in  a  15  Foot  Tube 
at  yh  28’  22//  Apparent  Time,  the  Difference  being  37'  i2/;. 

Thefe  are  the  only  Obfervations  among  thofe  which  were  Iaft 
communicated,  that  I  could  compare  with  any  Degree  of  Certainty 
with  my  own :  But  I  find  others  printed  in  the  Philofoph.  Tranfaff. 
,N°.  385,  which  were  likewife  made  by  the  fame  curious  Perfons, 
who  obferved  an  Emerfion  of  the  Firft  Satellite  at  Lisbon  September 
I724?  N.  S.  at  9h  36'  57//.  This  was  feen  alfo  at  Wanfted  in  the 
Redeemer  at  io^  13'  28/7  Apparent  Time.  Hence,  allowing  for  the 
different  Telefcopes,  the  Difference  of  Meridians  is  36'  4.5". 

This  Emerfion  at  Wanfted  preceded  the  Calculation  by  the  Tables 
4'  40"  :  And  another  Emerfion  obferved  with  the  fame  Telefcope  on 
Sept.  18,  N.  S.  preceded  the  Calculation  5'  vo".  We  may  therefore 
fuppofe,  that  on  Sept.  9,  N.  S.  the  true  Emerfion  at  Wanfted  pre¬ 
ceded  the  computed  about  4'  52".  The  Emerfion  that  Day  by  the 
Tables  was  at  i2h  15'  34"  App.  Time  ;  therefore  the  true  Emerfion 
at  Wanfted  was  at  i2h  10'  42//.  At  Lisbon  was  obferved  at  nh  34' 
26".  So  that  allowing  for  the  Difference  of  Telefcopes,  the  Diffe¬ 
rence  of  Meridians  by  this  Obfervation  is  36'  30". 

The  Mean  of  all  thefe  Differences  is  about  36*  587/,  from  which 
fubff rafting  2  8/;  for  the  Difference  of  Meridians  between  London  and 
Wanfted ,  the  remainder  will  be  the  Difference  of  Meridians  between 
London  and  Lisbon ,  viz.  36'  ^=9°  7'  j,  Lisbon  being  fo  much  to 
the  Weftward  of  London.  This  Difference  of  Longitude  is  aboqt 
5  i  greater  than  what  is  determined  in  the  forementioned  Tranfatti- 
on  But  as  the  Gentlemen  to  whom  we  are  indebted  for  thefe  Obfer¬ 
vations,  have  given  us  hopes  that  they  will  continue  to  make  and 
communicate  more,  we  need  not  doubt  but  their  exa<ff  Care  and  Di¬ 
ligence  will  foon  enable  us  to  judge  yet  more  nicely  of  the  true  Situa¬ 
tion  of  thofe  Cities  with  refped  to  each  other. 

The  fame  Tranfaftion  containing  fome  Obfervations  of  Eclipfes  of 
the  fame  Satellite  made  in  the  Fort  of  New  Tork ,  communicated  by 
his  Excellency  William  Burnet ,  Efq-,  Governor  of  New  York>  I  jfhall 
take  this  Opportunity  of  determining  the  Longitude  of  that  Fort 
more  exactly  than  it  can  be  fuppofed  to  be  there  done,  by  the  bare 
Comparifon  of  the  Obfervations  with  the  Tables  \  having  two  Obfer¬ 
vations  made  at  W anfied ,  which  tally  with  two  made  at  New  Tork , 
on  Aug.  25,  and  Sept .  10. 

By  the  Obfervation  made  Aug.  25,  1723,  O.  S.  which  is  efteemed 
the  mofi  diftincl  and  beft,  the  Satellite  Emerged  at  911  35^'  xaJ1  by  the 
Clock,  which  went  about  i‘  4  too  faff  for  the  Apparent  Time  at  the 
Enieifion,  as  appears  by  the  Altitudes  of  the  Sun’s  Limb  taken  the 

Morning: 


Longitude  of  Toulon  and  Lisbon. 

Morning  before  and  after  the  Obfervation  •,  fo  that  the  Emerfion  at 
New  York  was  at  gh  34'  Apparent  Time  ■,  that  is,  gb  32'  20 "  Mean 
Time. 

Auguft  27,  8h  57'  40"  Mean  Time,  the  Satellite  was  feen  emergin'* 
at  Wanfted  in  the  Reflefter  ;  and  Sept ■  12.  7:‘  17'  15"  M.  T.  ’was 
feen  emerging  again  in  the  fame  Telefcope  :  So  that  in  i$d  2  2k  19' 
35"  there  were  9  Emerfions  ;  and  the  Interval  between  each  v/as  a- 
bout  iJ  i8h  28'  50".  This  fubftraded  from  the  Time  of  the  Emer¬ 
fion  obferved  at  Wanfted  Auguft  27,  wiil  give  the  true  Emerfion  at 
Wanfted  on  Auguft  25,  14P  2%'  50»  M.  T.  that  is,  4h  56' 3 o"  later 
than  it  was  obferved  at  New  York. 

September  10,  8h  0'  10"  by  the  Clock,  another  Emerfion  was  ob¬ 
ferved  at  New  York.  From  the  Altitudes  of  the  Sun’s  Limb  taken 
the  Morning  before,  I  compute  the  Error  of  the  Clock  at  the  Time 
of  the  Emerfion  to  be  1'  10",  and  that  the  Emerfion  happened  at  7h 
59'  APP-  T-  that  is,  ft  5i‘  5 Mean  Time  at  New  York.  But  fub- 
ftradting  the  forementioned  Interval  of  T  i8h  28'  50"  from  the  Time 
of  the  Emerfion  obferved  at  Wanfted  September  12^  ft  17'  15«  M.  T. 
we  lhall  have  the  Time  of  the  true  Emerfion  at  Wanfted  on  Sept.  10, 
at  1 2h  48'  25"  M.  T.  which  is  41-  56'  23"  later  than  ’twas  obferved  at 
New  York.  The  Difference  therefore  of  Meridians  between  Wanfted 
and  New  York,  allowing  about  15"  for  the  Difference  of  Telef- 
copes,  is  about  41»  56'  45",  and  between  London  and  New  York,  4'“ 
56'  i  So  that  the  true  Longitude  of  New  York  from  London  is  7±° 
4'  Weft.  ' 
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6.  Differentia  Meridianorum  Ulyffiponem  inter  ac  Telonem  Mar- _ o/Tou 

tium  ex  pluribus  obfervationibus  eruta  eft,  T  o' 9^  feu  150  2'  15",  Ion  a?id  Lif- 

quibus  Ulyffipo  occidentalior  eft  Telone  Martio.  bon.  By  F. 

Ant.  Laval. 

7.  Ex  pluribus  obfervationibus  Romas  habitis,  &  Ulyffipone,  eri- 


tur  Meridianorum  differentia  ih  28'  o/;,  feu  220,  quas  fane  diffe _ Of  Lif- 

rentia  aut  omnino  vera  aut  quam  proxime  veritati  accedere  videtur.  bon>  BySig; 


Francis  Bian- 
chini.  Nc>. 
396.  p.  17&. 


Vol.  VI. 


Hhh 


Rome 
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Latitude  cf  fever al  Places. 


- .ore:- 

vcrfe  Places 
computed  from 
Observations 
of  the  Ecliples 
of  JupiterV 
Satellites,  by 
the  Rev  Mr. 
Derham.  N°, 

40 7'P-  34- 


8.  Rome  and 


Lisbon. 
H.  # 


I 

24 

46 

I 

25 

34 

I 

26 

34 

I 

29 

0 

I 

26 

44 

I 

26 

54 

I 

28 

1 1 

Rome  and 

Paris. 

0 

39 

48 

0 

40 

50 

0 

36 

16 

0 

38 

56 

0 

40 

i7 

Rome  and 
Ingolftad. 
o  251, 

o  4  1 

Rome  and 
Rologne. 

°  3  45 

2  1 6 

o  4  45 

o  4141 


Rome  and 
Kew. 

H.  '  " 


Q  45  47 

Rome  and 
IVanJied. 
o  49  to 

Rome  and 
Upminfter. 
o  47  28 

Rome  and 
Southwick 
Northamp¬ 
tonshire. 
o  47  58 

Urbino  and 
Lisbon. 

1  28  57 

Paris  and 
Lisbon. 
o  45  46 

o  45  44 

Ptfrz’j  and 
Bologne. 
o  34  30 

o  34  o 
o  38  32 


Ingolftad  and 
Lisbon ~ 

HL  '  " 


i  a  2  53 

1  23  21 

Ingolftad  and 
Sc.  Quirico. 
01  20 

o  1  40 

Ingolftad  and 
Bologne. 
o  ’  i  53 

Ingolftad  and 

Paris . 
o  36  23 

o  36  00 

Ingolftad  and 
U prninfter. 
o  46  10 

St.  Quxrico  & 
Lisbon . 

1  22  30 

Sc.  Sfuirico  & 
Paris. 
o  37  40 


Sc.  Quirico  & 
U prninfter. 

H.  '  " 


o  47  50 

Florence  and 
Lisbon. 

1  1 9  •  43 


Florence  and 
Bologne. 
o  031 

Florence  and 
Upminfter. 
o  42  i 

Upminfter  3c 
Bologne. 
o  43  43 

Upminfter  3c 
Lisbon. 
o  37  42 

Bologne  and 
Lisbon. 

1  2 1  28 

Bologne  and 
Albano. 

0  3  43 


Latitude  of 
Yale  College , 
by  Mr.  Tho. 
N«. 


V.  i.  College  in  Connecticut  Colony  in  New  England  lies 
bout  8'  or  10'  Welt  from  Cambridge ,  in  Latitude  about  410 
North. 


a* 

2 


382.  p.  67. 

- Of  New  2.  The  Latitude  of  the  Fort  of  New-2'brk  was  formerly  determin- 

Yoik,  commu-  ec{  t0  be  .Oo  40'_ 

nicated  by 

Will.  Burnet,  ... 

£/?;.  NQ.  .  3-  bum  innumerae  circa  hujus  urbis  Latitudinem,  inftitui  pofllnc 
385.  p.162.  interdiu,  noctuque  obfervationes,  non  adeo  nobis  opportunum  fuit 
—  0^*  illam  citius  explorare  ;  inftrurhenta  fiquidem,  quse  hic  invenimus, 
John  iiptift  C3u^ue  etiam  n°bifcum  tulimus,  etfi  fatis  apta  ad  gradus  ac  minuta 
Carbone.  N Q.  praetei  pi  opter  dignoicenda,  non  tamen  ad  minuta  eadem  ccr- 

394.  P.  93.  tius  exploranda,  multoque  minus  ad  fecunda  invediganda  (qusefane 

Afcronomis 


Latitude  of  Lisbon. 

Adronomis  contemnenda  nonfunt)  opportuna  effe  videbantur.  At¬ 
que  hoc  magis,  quod  non  una  erat  de  hdjufce  urbis  Latitudine  fen* 
tenua,  quoad  minuta  prima  quarum  quidem  nonnullae  propius  ve~ 
ritati  accedebant,  ut  ex  noftris  quoque  obfervationibus  inferre  lice¬ 
bat  ;  verum  nulli  fidere  certo  poteramus.  Duas  tantum  fen tendas 
in  medium  profero,  quarum  fingul£  plurimum  ponderis  apud  pru¬ 
dentes  habere  pollent  •,  ni  difcordia  inter  utramque  earum  fidem  im¬ 
minueret.  Altera  igitur  fententia  ed  Emanuclis  Pimentel  Regii  Cof- 
mographi,  in  mathematicis  apprime  verfati,  qui  multis  ac  repetitis 
obfervationibus  per  umbram  redam  Gnomonis/ cujus  altitudo  pedum 
16,  fe  invenifie  tedatur  hujus  Poli  altitudinem  38°  48'  20/,  quod  in 
libello  quodam  MS.  ejufdem  authoris  legi,  in  quo  &c  ipfas  obferva- 
tiones  fufe  adnotaverat.  Altera  vero  fententia  ed  Regime  Parifienfis 
Academia  ex  obfervationibus  domini  Couplet,  qui  Ulyffiponem  ve¬ 
nit  Anno  1697,  ubi  aliquot  inftituit  obfervationes  ad  Meridianorum 
differentiam  Uiyffiponenfis  fcilicet  ac  Regii  Obfervatorii,  necnon  lui- 
jufce  urbis  latitudinem  inveniendam.  Hanc  autem  fe  inveniffe  fatetur 
38°  45'  25".  Ut  igitur  certi  aliquid  in  hac  re  deprehendere  poffemus, 
ex  pedandum  tantifper  exidimavimus,  dum  aptiora  Pari  fi  is  inftru- 
n xenta  reciperemus  •,  ubi  juffu  ac  munificentia  fereniflimi  Regis  nofiri 
tum  multa  alia  conficiebantur  a  pef  iridi  mis  artificibus  indrumenta, 
tum  in  primis  Quadrantes  cluo  Aftronomici,  quorum  alter  5,  alter 
3  pedum  Parifinorum,  nec  non  Sextans  totidem  pedum.  Hsc  jam 
inde  recepimus,  &  multiplici  experimento  ad  trutinam  revocavimus  *, 
nec  ferre  quidquam  fenfibile  in  iis  corrigendum  invenimus,  nifi  quod 
facillime  corrigi  poteft,  &  plerumque  obfervatorum  curse  corrigen¬ 
dum  relinquitur,  dioptras  nempe  Telefcopicas  ad  redum  fitum  redu¬ 
cere.  Id  facile  praedicimus,  ftatimque  prsedidis  inftrumentis  uti  ce¬ 
pimus,  ad  prae  didam  Poli  altitudinem  inquirendam. 

Plurimas  fime  indituimus  obfervationes  ;  quarum  tamen  aliquot 
hic  fubnedo  circa  Solis  altitudines,  praefertim  Meridianas,  vel  fiex- 
tante,  vel  quadrante  Adroriomico  trium  pedum  habitas,  podmodum 
miffurus  alias  tum  praedidis,  tum  etiam  quadrante  murali  quinque 
pedum  habendas  vel  circa  Solem,  vel  circa  reliqua  Adra.  Juvat 
vero  tum  obfiervatas  altitudines  Solis  fiubnedere,  tum  integras  etiam 
fupputationes,  unde  Poli  altitudo  deduda  ed. 


Sequentium  obfervationum  aliae  habitae  fiunt  in- Collegio  divi  Aim 
tonii  Magni,  aliae  in  Obfervatorio  Palatii  Regit;  quae  fime  loca, 
cum  in  eodem  fint  Meridiano,  quidquid  inter  fie  differunt,  in  fiola 
dirrerunt  Latitudine  :  At  vero  tanta  non  ed  differentia,  ut  ejus  ha¬ 
benda  fit  ratio  in  his  obfervationibus,  quibus  hujufce  urbis  Eleva¬ 
tionem  non  adeo  exade  exploratam  volo,  ut  fecunda  quoque  Gra¬ 
duum  inventa  affirmem. 


Obfervationes 

Altitudinum 

Solis  Meridia - 

narum  ad  Poli 

Elevationem 

invefligandam 

Ulyffip. 


H  h  h  2 


Altitudo 
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Nov,  24. 1725. 


Decem  b.  5. 


Decern  b.  6. 


Latitude  of  Lisbon. 


Altitudo  Limbi  fuperioris  Solis  in  Merid.  quadrante 

Aftronomico  obfervata  -  - 

Refragio  propria  hujus  altitudinis  ex  tabulis  Halleii 

Altitudo  corredta  hujufdem  Limbi  -  — 

Parallaxis  Solis  > . .  . . 

Altitudo  vera  Limbi  fuper  Solem  -  — — — 

Semidiameter  Solis  Appar.  — * -  — — . 

Altitudo  vera  centri  Solis  -  - 

Declinatio  Solis  Auftral.  —  - — 

\ 

Altitudo  TEquatoris  ■  — — . 

Complementum,  feu  Latitudo  Ulyfliponis 

Altitudo  Meridiana  Limbi  fuperioris  Solis,  fextante 

obfervata  -  —  ■  - - - 

Refradtio  propria  hujus  altitudinis  —  ~  ■  - 

Altitudo  ejufdem  Limbi  corredta  -  ■  ■ 

Parallaxis  Solis  -  -  - 


Altitudo  vera  fuperioris  Solis  .i  ■  »■—■■■■  _ 

Semidiameter  Solis  —  - 

•  *  •  * 

Altitudo  vera  Centri  Solis  -  — 

Declinatio  Solis  Auftralis  -  - 

Altitudo  iEquatoris  ~ -  -  — 

Complementum,  feu  Poli  elevatio  — 

Altitudo  Limbi  fuperioris  Solis  fextante  obfervata 
Relradtio  propria  hujus  altitudinis  - -  — 

Altitudo  corredla  ejufdem  Limbi  - .  — 

Parallaxis  Solis  -  - - 


Altitudo  vera  Limbi  fuperioris 
Semidiameter  Solis  - 


Altitudo  vera  Centri  Solis 
Declinatio  Solis  Auftralis 


0 

/ 

// 

30 

56 

20 

1 

28 

30 

54 

52 

4 

30 

54 

5^ 

16 

18 

30 

38 

38 

20 

38 

59 

51 

1 7 

37 

38 

42 

23 

29 

8 

10 

1 

35 

29 

6 

35 

4 

2  9 

6 

39 

16 

20 

28 

50 

19 

22 

2  7 

7 

5i 

1 7 

26 

38 

42 

34 

2  9 

1 

0 

1 

36 

28 

59 

24 

4 

28 

59 

28 

16 

21 

28 

43 

7 

22  34  24 

Alti- 


Latitude  of  Lisbon. 


P 


/ 


0 


417 


Altitudo  TEquatoris  -  - - - 

Complementum,  feu  Latitudo  UlyiTip.  -  *~ 

Altitudo  Limbi  fuperioris  Solis  quadrante  obfervata 
Refradtio  propria  hujus  Altitudinis  -  - 

Altitudo  corredla  Limbi  fuperioris  Solis  -  - 

Parallaxis  Solis  -  -  — 

Altitudo  vera  Limbi  fuperioris  Solis  -  - 

Semidiameter  Solis  - .  -  - 

Altitudo  vera  Centri  Solis  — -  * — - 

Declinatio  Auftralis  - - *  - 

Altitudo  Aquatoris  — 

Complementum,  feu  Latitudo  Ulyfiip.  - 

Altitudo  Limbi  inferioris  Solis  fextante  obfervata  — 
Refradlio  propria  hujus  altitudinis  - - 

Altitudo  correda  Limbi  inferioris  Solis  - — *  - 

Parallaxis  Solis  ■  ■—■■■■  ■  -  — 

\ 

Altitudo  vera  Limbi  inferioris  Solis  — —  -  ■« 

Semidiameter  apparens  Solis  ■  — —  ■  ■  —  -  — 

Altitudo  vera  Centri  Solis  — - -  - 

Declinatio  Auftralis  Solis  . - 

Altitudo  Aquatoris  - -  -  — - 

Complementum,  feu  Latitudo  Ulyfiip.  - — 


51  17  31 


38  42  2  9 

28  20  22  n  , 

Decemb .  20 

i  39 

28  18  43 

4 


28  18  47 

16  21 


28  2  26 

23  14  57 


51  17  23 


38  42  37 

28  47  10  Jan.  8.  1726. 

1  37 

28  45  33 

4 


28  45  37 

l6  21 


29  I  58 
22  15  42 


51  17  40 


38  42  20 


Duas  Solis  altitudines  fextante  Aftronomico  obfervavimus  ante  Me-  jan.  9. 
ridiem,  totidemque  poft  Meridiem,  alteras  alteris  refpondentes,  in  ver¬ 
ticalibus  fcilicet  a  Meridiano  asquidiftantibus  •,  quod  ut  accuratius  fi¬ 
eret,  addita  fune  altitudinibus  pomeridianis  fcrupula  convenientia, 
quae  nimirum  ex  declinatione  Solis,  utcunque  minori,  refundi  debe¬ 
bant  in  ipfam  Solis  verticalem  altitudinem.  Has  quidem  obfervati- 
ones  eatenus  inftituimus,  ut  noftri  horologii  pendulo  inftrudli  vel1 
minimam  a  tempore  vero  difeordiam  deprehenderemus,  fimulque 

meridianas 


Latitude  of  Lisbon. 


meridianas  lineas,  quibus  non  unis  utimur  in  hoc  nofltb  Collegio,  ire- 
ram  atque  iterum  ad  trutinam  revocaremus.  Utraeque  vero  obfer- 
vationejr  inter  fe  coi  latae,  adeo  exa&e  confenfere  in  eadem  differen¬ 
tia  oftendencla,  ut  de  illarum  rectitudine  non  nifi  temere  dubitarem. 
Opportune  igitur  his  ipfis  obfervationibus  ufuros  nos  duxi  ad  Poli 
quoque  altitudinem  explorandam  ;  his  tribus  nempe  cognitis,  altitu¬ 
dine  Solis,  ejufdem  declinatione,  &;  hora  diei. 


q  r  n 


Altitudo  Solis  vera  - - —  - 

20 

36 

18 

Ejufdem  declinatio  Auftralis - — - 

— ■  —  22 

8 

1 1 

Tempus  verum  obfervatae  altitudinis  — 

9h. 

37 

26 

Ex  h  is  igitur,  per  calculos  Trigonometricos,  quos  inivimus  (nec 
tamen  hic  apponere  opus  eft)  refultat  Poli  elevatio  Ulyffipone,  38  S 

42'  2  4//. 


Iterum,  ex  fecunda  obfervatione  matutina, 

Altitudo  vera  Solis - *  - —  ■  ■■—■-  23  25  47 

Ejufdem  declinatio  Auftralis  - - 22  8  10 

Tempus  verum  obfervatae  altitudinis  * -  -  ioh.  4  41 


Ex  quibus  pariter  perT rigonometriam  refultat  Poli  elevatio  UlyfTip. 
38°  42'  25//. 

Ex  obfervationibus  pomeridianis,  in  quibus  pene  omnia  funt  eadem 
atque  in  obfervationibus  matutinis,  eadem  quoque  inferri  debebat  al¬ 
titudo  Poli,  ac  proinde  novis  calculis  non  fuit  opus. 

Jam  vero  ex  omnium  obfervationum  complexu,  inferre  hadtenus 
licet  Latitudinem  Ulyffiponenfem  in  hoc  Collegio  divi  Antonii,  aut 
etiam  in  Palatio  Regio  obfervatam  non  excedere  3 1°  43f,  nec  mino¬ 
rem  effe  38°  42';  propius  vero  accedere  ad  38°  42'  3 o".  Quod 
fane  quamprimum  novis  atque  iteratis  obfervationibus  certius  in- 


notefeet. 

Aliorum  diffidium  in  hac  Elevatione  afiignanda,  vel  ex  aliquo  in- 
ftrumentorum  vitio  (  quod  non  facile  noftris  contingere  potuit,  cum 
&  plura  fint,  &  grandiufcula,  nec  uno  ab  artifice  elaborata,  ac  tan¬ 
dem  faepius  adhibita  in  idem  femper  confpiraverint )  vel  ex  locorum 
diverfitate,  in  quibus  obfervationes  habitae  funt  oriri  putaverim. 
Eft  enim  Ulyffipo  fatis  ampla  *,  &  a  Borea  ad  Meridiem  plus  una  ex¬ 
tenditur  Leuca,  quae  quidem  diftantia  trium,  vel  quatuor  minutorum 
parere  poftet  difeordiam.  Accedit  ad  haec  non  exigua  difficultas, 
quam  quifque,  vel  peri  tiffii  mus,  experiri  io  let  in  determinanda  extre¬ 
mitate  umbrae  verse,  eademque  a  penumbra  fecernenda  ;  quam  fane 
difficultatem  non  facile  declinaverit  clariffirnus  Vir,  de  quo  iuperius. 
memini,  Emanuel  Pimentel,  in  fuis  obfervationibus  per  umbram 

rprri m 
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reflam  Gnomonis.  Ac  proinde  nec  mirum  fi  qua  intercedat  diver- 
fitas,  cum  non  una  fit  inftrumentorum  conditio. 


4.  Altitudo  Meridiana  limbi  fuper.  Solis,  Quadrante 

Murali  quinque  pedum  -  - 

Corre&io  additiva  Quadrantis -  - 

Altitudo  apparens  ejufdem  limbi -  - 

Refraflio  —  —  —  - 

Altitudo  correfla,  &  vera  limbi  fuperioris - 

Semidiameter  Solis  apparens  - 

Altitudo  vera  centri - -  - 

Declinatio  Borealis  -  -  «>■■■»■■ 

Altitudo  Aquatoris  . —  ■  - -  - - 

Elevatio  Poli  - -  — - .  . — - 

Altitudo  Meridiana  limbi  fuper.  Solis,  Quadrante 

aftronomtco  trium  pedum  -  - - 

Correftio  Quadrantis  fubtrahenda  -  - 

Altitudo  apparens  praedifti  limbi  —  — 

Refraflio  —  -  - 

Altitudo  vera  limbi  fuperioris  -  — 

Semidiameter  Solis  apparens  —  —  — 

Altitudo  vera  centri  Solis  —  —  — 

Ejufdem  Declinatio  Borealis  —  — 

Altitudo  ^Equatoris  —  —  — 

Elevatio  Poli  —  —  — 

.  .  . 

Altitudo  Meridiana  Lucidse  Lyras,  Quadrante  Mu¬ 
rali  quinque  pedum  -  —  — 

Correftio  Qaadrantis,  addit.  —  — 

Altitudo  vera  fideris  —  —  — 

Declinatio  Borealis,  ex  tabulis  Flamfteadi  — 

Altitudo  ./Equatoris  —  —  — 

Elevatio  Poli  —  —  — 

Altitudo  Meridiana  limbi  fup.  Solis,  ccdem  Quadrante 
Mitrali  —  —  — 

Correflio  Quadr.  add.  —  —  — 

Altitudo  apparens  ejufdem  limbi  — - ■  — 

Refraflio  —  —  — • 

Altitudo  vera  limbi  fuperioris  —  —  — 

Semidiameter  apparens  Solis  —  —  — 

Altitudo  vera  centri  — •  —  — • 


Q 

6? 

/ 

// 
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15 

89 

50 

30 

38 
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55 

17 

36 

38 

42 
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13 
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15 

65 

59 

28 

24 
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59 
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53 

Ok 

O-i 

1 
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Declinatio 
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Sept.  24. 


Ofloh.  27.' 


Qttob.  27. 
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Declinatio  Bor.  —  —  — 

Altitudo  ^Equatoris  —  —  — 

Elevatio  Poli  —  —  — 

Altitudo  Meridiana  limbi  fup.  Solis,  Quadrante  aftro - 

nomico  trium  pedum  * - —  - 

Corre&io  Quadrantis  fubtr.  -  - 

Altitudo  apparens  ejufdem  limbi  -  - 

Refradlio  —  —  — 

Altitudo  apparens  corre&a  —  — 

Parallaxis  - -  * -  — 

Altitudo  vera  limbi  fuperioris  —  — 

Semidiameter  Solis  apparens  —  — 

Altitudo  vera  centri  Solis  — —  — 

Ejufdem  Declinatio  Auftralis  —  — 

Altitudo  iEquatoris  -  * —  — 

Elevatio  Poli  *  —  —  — - 


Altitudo  Meridiana  limbi  fup.  Solis,  Sextante 
Corredtio  Inftrumenti  additiva  — 

Altitudo  apparens  ejufdem  limbi  — 

Refradlio  —  — 

Altitudo  limbi  fuperioris  corr.  — 

Parallaxis  —  — • 

Altitudo  vera  ejufdem  limbi  — - 

Semidiameter  folis  apparens  — 

Altitudo  vera  centri  —  * 

Ejufdem  Declinatio  Auftralis  — 

Altitudo  ^Equatoris  —  — 

Elevatio  Poli  —  — 


Altitudo  Meridiana  Fomah antis  Aquarii  feu  Lucidas  in 
ore  Pifcis  Auftrini,  eodem  Sextante  —  — 

Corredlio  Inftrumenti  additiva  — •  — 

Altitudo  Apparens  —  —  — 

Refradtio  -  ■  —  — 

Altitudo  vera  fideris  —  —  — 

Declinatio  Auftralis  ex  De  La  Hire  —  — 

Altitudo  iEquatoris  -  «  ■■■■ 

Elevatio  Poli  — ,  -  .  ....  ■ 
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4 

50 
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48 
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0 
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6 

5 

38 
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Obfervation  of  Latitude  and  V aviation . 

Ex  prsedi&is  Obfervationibus,  non  imprudenter  (latui  poteft  la¬ 
titudo  Obfervatorii  Regii  in  aula  38«  42'  20",  noftri  verb  Collegii  D. 
Antonii  Magni ,  38 Q  42'  30". 


5.  Ex  permultis  accuratiftimis  obfervationibus  Telonis  Martis  La¬ 
titudo  inventa  eft  438  6  55". 

6.  On  TVednefday,  Feb .  2.  we  took  our  Departure  from  Java 
Head ,  allowing  it  to  lie  in  the  Latitude  of  6?  45  South. 


By  a  good  Amplitude  made 
Latitude  by  Account 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Azimuth  made 
Latitude  by  good  Obfervat. 

Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Amplitude 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Azimuth  and  Amplitude 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Amplitude 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Azimuth 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  ^  good  Amplitude  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Amplitude  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  an  Azimuth  &  Amplitude  made 
Latitude  per  Obfervation 
Meridian  Diftance 


Longitude 


I 


3q 

28' 

9 

59 

43  ? 

45  S 

4 

45 

13 

43 

3 

31! 

36/ 

3 

4 

52 
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18 

6 
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9  * 

4 

51 

18 

1 2 

17 

28  ? 

18 

00  j 

6 

8 

19 

59 

21 

i7l 

32 

1  s 

10 

3 

2 1 

00 

30 

28  ? 

32 

12  3 

15 

15 

23 

16 

37 

18  -> 

38 

58-f 

18 

2 

25 

1 1 

40 

3°  Z 

42 

33  * 

J9 

00 

26 

18 

42 

42  ? 

44 

15  3 

South. 


South. 


South. 


Weft. 

Variat.  NWly. 
South. 

Weft. 


B; 


- - Of  Tou¬ 
lon  by  F.  Ant. 
Laval.  N°^ 

394-  P-  101. 
Observation 
of  Latitude 
and  Variation, 
taken  on  Board 
the  Hartford, 
in  her  Pajfage 
from  Java 
Head  to  St . 
Hellena,  A.D, 
1 73  2^  Commu¬ 
nicated  by  Ed. 
Halley,  LL.D. 
F.R.S .  N° 
424.  p.  331. 


Feb.  zi. 


Feb.  25. 


Feb.  29. 


March  5. 


March  8. 


Mar.  fo. 
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March  13. 

Mar.  17, 

Mar.  V). 

Mar .  2z. 


Mar»  24. 

April  i'. 

Apr.  4, 

Apr,  6, 


Apr.  7. 

Apr.  10. 

,4>r.  1.3. 


j 

Obfervatims  of  Latitude  and  Variation. 

By  a  very  good  Amplitude  2  iQ 

Latitude  Obfervation  27 

Meridian  Diftance  44 

Longitude  from  Java  46 

By  a  good  Azimuth  made  24 

Latitude  by  Account  30 

Merid.  Dift.  from  Java  Head  52 

Longitude  ditto*  54 

By  a  good  Azimuth  had  24 

Latitude  per  Obfervation 
Meridian  Dift  an  ce 
Longitude 

By  a  good  Azimuth  had 
Latitude  per  Account 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Amplitude  had 
Latitude  per  Obfervation 
Meridian  Diftance 
Longitude 

By  a  good  Amplitude  made 
Latitude  by  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Azimuth  &  Amplitude 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Amplitude  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  very  good  Amplitude  made 
Latitude  by  Obfervation 
Meridian  Diftance  from  Java  Head 
Longitude  from  ditto 


3° 

5^ 

59 

24 

3J 

61 

66 

23 

32 

63 

67 

20 

3  4 

73 

79 

20 

35 

74 
81 

35 

77 

87 

17 

36 
77 

87 


45'  Variat.  NWly. 

2  3  South. 

1 4  *1  Weft 

3  4  J 

23  Variat.  NWly. 
25  South. 

f  \  Weft. 

5 1  j 

50  Variat.  NWly. 
27  South. 

4°  ]>  Weft. 

2  j  j, 

15  Variat.  NWly. 
23  South. 

373  \  Weft. 

51  Variat.  NWly. 
47  South. 

°°  "V  Weft. 

44  J 

16  Variat.  NWly. 
58  South. 

36\ 

44j 

07  Variat.  NWly. 
South. 


\  Weft. 


33 
42  J 

24/ 

7 

41 

•2  *1 


Weft. 

Variat.  NWly, 
South. 


Variat.  NWly, 
South. 


By  a  good  Azim.  &  Amplitude  made  1 6 
Latitude  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Azim.  &  AmplTt.  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 


Longitude  from  ditto 


38 

77 

87 

15 

37 

77 

85 


12  j.  Weft- 

30 
25 

58 }  Weft- 
9  Variat  NWJy. 
10  South. 

U  i  Weft. 

40  Variat.  N-WIyt 
58  South. 
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Defcription  and  Map  of  Tunis. 


By  a  very  good  Azim.& Amplitudes  1 50  45'  Variat.  NWly. 

Latitude  per  Obfervation  37  4  South. 

Merid.  Dili,  from  Java  Head  76  54  1  vkt  n. 

Longitude  from  ditto  84  42  j  e 

N.  B.  This  Day  I  judged  Cape  Bonne  Efperance  to  bear  N.  by  W. 
from  me,  Diftance  20  34'. 
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April  14, 


Variat.  NWly. 
South, 

Well. 

Variat.  NWly. 
South. 


Weft. 


Variat.  NWly. 
South. 


Weft. 


By  a  very  good  Azimuth  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 
By  a  very  good  Amplitude  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 
By  a  very  good  Azimuth  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
I  .ongitude  from  Java  Head 
By  a  good  Amplitude  made 
Latitude  by  Obfervation 
Merid.  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 
By  a  good  Azimuth  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
D  itto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 

By  an  Ampl.  the  Night  before  came  in  8  00  NWly. 

At  Noon  Barn  Point  bore  W  by  N  -.  N.  Diftance  four  Miles. 

VI.  From  Tunis  I  travelled  as  far  Weft  ward  as  Hydra ,  and  from 
thence  went  to  Tofer ,  palling  from  Tegewfe  through  the  Lake  of 
Marks ,  or  the  Palus  Tritonia ,  as  I  take  it,  to  Gaps  from  Gaps  I 
travelled  all  the  Way  upon  the  Coaft  to  Biferta  *,  but  at  the  fame 
Time  took  Care  to  vifit  fuch  Places  within  Land,  where  I  could 
learn  of  any  Ruins  or  Curiofities.  I  made  ufe  of  a  final],  but  very 
good  Mariners  Compafs,  and  found  the  Variation  at  C air  wan  10 

I  i  i  2  Degr. 


12 

39 

Variat.  NWly; 

27 

1 

South. 

84 

52 
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23 
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89 
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97 
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Apr .  ii„ 


Apr.  21; 


Apr.  24. 


Apr.  29. 


May  5. 


A  Geographi¬ 
cal  Defcripti¬ 
on  and  Map 
of  the  King¬ 
dom  0/Tunis, 
by  the  Rev. 
Mr.  Thomas 
Shaw,  Chap¬ 
lain  to  the 
Englifh  Facto¬ 
ry  at  Algicr. 
N  Q  411.  p. 
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Defcription  and  Map  of  Tunis. 

Degr.  Weft  ;  at  Biferta  fomething  more  than  12  Degr.  and  ar 
Algier  I  find  it  now  to  be  30  Degr.  30  Min.  I  carried  along  with 
me  likewife  a  Brafs  Quadrant  of  a  Foot  Radius,  and  took  the  La¬ 
titudes  of  Tunis,  Cairwan ,  Spetula ,  Gafffa ,  Tofer,  Ebillee ,  Gapx, 
«Ste,  Sufa ,  Lowharia  and  Biferta ,  with  all  the  Exadtnefs  fuch  an 
Inftrument  would  admit  of.  As  to  the  Longitude,  moft  Mariners 
whom  I  have  converfed  with,  agree  within  10  or  12  Miles,  that  the 
Diftanee  between  Algier  and  the  Goletta  (  or  Port  of  Tunis  )  is  400 
Miles.  I  have  made  this  Voyage  4  Times,  and  the  Reckonings  we 
made  aboard,  amounted  only  to  390.  I  have  made  therefore  the 
Meridional  Diftanee  betwixt  this  Place  and  Cape  Carthage  350 
Miles :  ( allowing  48  to  a  Degree  of  Longitude  )  for  as  this  whole 
Courfe  is  not  upon  the  fame  Parallel,  we  may  very  well  allow  40  or 
50  Miles  for  the  oblique  Sailing  •,  becaufe  the  Courfe  is  in  37  Degr. 
20  Min.  N.  Lat.  but  Algier  lies  in  36  Degr.  48.  Min.  and  the  Goletta 
in  36  Degr.  40  Min. 

The  Kingdom  of  Tunis  is  bounded  to  the  North  and  Eaft  with 
the  Mediterranean  Sea ,  to  the  Weft  with  the  Kingdom  of  Algier , 
and  to  the  South  with  that  of  Tripoly  It  is  230  Miles  in  Length 
from  the  Ifleof  Gerba ,  in  Lat.  33°  24',  to  Cape  Serra,  in  Lat.  37^ 
16',  and  128  Miles  in  its  greateft  Breadth  from  Monafteer  to  Tibifa. 
Sheka,  its  utmoft  Boundary  to  the  Weft,  lies  in  Long.  70  26'  and 
Clybea ,  its  utmoft  Boundary  to  the  Eaft,  in  io°  47'  from  London. 

Of  the  Modern  Geographers,  Luyts  feems  to  have  been  the  beft 
acquainted  with  its  Extent  in  general,  giving  it  3 Q  of  Longitude, 
and  (above)  4°  in  Latitude.  The  Sanfons  place  it  above  3^  fur¬ 
ther  to  the  South  than  it  fhould  be,  and  their  Error  is  greater,  in  re¬ 
lation  to  the  Longitude.  Moll  places  it  a  few  Minutes  only  too  far 
to  the  North,  but  to  the  South  he  has  extended  it  beyond  the  Pa¬ 
rallel  of  Tripoly ,  wherein  I  find  he  has  been  followed  by  Mr.  De 
Life ,  in  his  Map  of  Africa ,  1722..  But  a  long  Chain  of  Mountains 
which  run  in  the  fame  Parallel  of  Latitude  with  Gerba ,  are  the  Li¬ 
mits  of  Tunis  and  Tripoly . 

If  we  take  the  Antientsfor  our  Guides,  we  fhall  ftill  find  further 
Errors  and  Difagreements.  For  Ptolemy  makes  the  Difference  of 
Latitude  betwixt  Carthage  and  Gaps,  almoft  the  two  Extremities  of 
the  Kingdom,  to  be  only  1  Degr.  and  50  Min.  (provided  the  Italian 
Copy  I  make  ufe  of  be  corredt.  )  The  like  Diftanee  he  puts  be¬ 
tween  Gaps  and  Tofer*  making  thereby  the  latter  no  Miles  more  to 
the  South  whereas  I  found  it  18  Miles  more  to  the  North.  Thus 
again  he  places  Gafffa  in  Latitude  29 0  45'  and  Gaps  in  30°  30' 
making  Gaps  a  great  Way  to  the  North  ;  whereas  the  Courfe  from 
Gafffa  to  Gaps ,  is  near  80  Miles  South-Eaft  :  not  to  fpeak  of  his 
placing  Carthage ,  and  fo  refpedtively  of  other  Places,  too  far  to  the 
South  by  near  40  30'  or  270  Miles.  The  like  Errors  may  be  ob- 
ferved  as  to  his  Difference  of  Longitude  of  particular  Places,,  and  as 
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Co  his  Scale  of  Longitude  in  General,  which  he  places  at  lead:  io° 
too  far  to  the  Eaft. 

The  Antonine  Itinerary  will  alfo  admit  of  feveral  Doubts  and  Con¬ 
tradictions,  as  Riccioh is  has  already  obferved,  Geogr.  p.  74.  and 
therefore  is  not  to  be  altogether  depended  upon  ;  though  it  muft  (till 
be  allowed  to  be  a  much  better  Conductor  than  Ptolemy.  Thus  the 
Author  of  the  Itinerary  makes  it  to  be  216  Miles  from  Sufetnla ,  I 
prefume  by  the  Way  of  Adrumettum ,  to  Clypea ,  thereby  making 
Clypea  111  Miles  from  Adrumettum  ;  whereas  in  another  Place,  in 
his  Maritime  Itinerary ,  he  only  makes  a  Difference  of  about  44 
Miles,  or  350  Furlongs.  And  again  he  makes  the  direCt  Road  from 
C arlhage  through  Laribus  and  Thevefte  to  Cirta ,  to  be  332  Miles  ; 
.but  the  Road  by  Hippo  Regius ,  or  Bona ,  which  fhould  be  further, 
only  312.  So  that  great  Caution  is  to  be  obferved  in  following 
that  Authority. 

Pliny  is  not  fo  particular  as  either  Ptolemy  or  the  Itinerary.  He 
lays  down  Things  in  general,  and  therefore  can  give  but  little 
Light  and  Afliftance  to  a  Traveller,  in  pointing  out  to  him  the  an- 
tient  Boundaries,  or  the  particular  Cities  of  this  Kingdom.  .  His  Al¬ 
phabetical  Collection  of  Towns,  has  but  little  InflruClion  in  it,  and 
where  he  would  feem  to  follow  fome  Order  and  Method,  as  in  nam¬ 
ing  the  Towns  along  the  Coaft  of  Byzacium ,  he  places  Adrumettum 
and  Rufpina  after  Leptis ;  thereby  infinuating,  as  if  Leptis  lay  at  a 
greater  Diftance  from  the  letter  Syrtis  ;  the  contrrary  to.  which  is 
proved  eafily  from  Hirtius  and  other  Authors.  And  if  with  Cluve- 
rius,  i£c.  we  fhould  make  the  Africa  of  Pliny,  comprehending  even 
the  two  Provinces  of  Zeugitana  and  Byzacium ,  to  be  the  Kingdom 
of  Tunis,  we  fhall  meet  with  great  Difficulties  in.  the  Geography, 
efpecially  of  Byzacium ,  which  is  the  Southern,  and  ought  to  be  the 
greater  Part  of  it.  For  as  Pliny  makes  it  only  250  Miles  in  Circuit, 
and  to  extend  from  Adrumettum  or  Hercla  North  to  Sabrata ,  or  to 
Gaps  only,  or  Tacape  South,  we  fhall  find  that  this*  Number  of  Miles 
will  not  be  fufficient  to  meafure  the  Coaft  twice  over,  and  there¬ 
fore  can  lay  no  Claim  at  all  to  any  Part  of  the  Continent.  But  how 
far  fhort  foever  this  Calculation  may  be  of  the  Truth,  it  feems  very 
probable,  that  the  Province  of  H adrumettum. ,  as  described  by  Pto¬ 
lemy,  how  faulty  foever  he  may  be  in  Particulars,  is  the  Byzacium 
which  we  look  after,  and  that  it  included  the  Blaide  el  Gereed ,  or 
Country  of  Dates,  which  Pliny  and  the  Author  of  the  Itinerary 
feem  to  have  known  nothing  of,  or  not  to  have  regarded.  For  Pto¬ 
lemy’s  Ufulitanum ,  Turza,  Zugara,  Cities  ftill  preferving  their  old 
Names,  and  near  upon  the  fame  Latitude  with  Adrumettum,  continue 
to  remain  its  Boundaries  to  the  North  •,  as  Tofer  and  Gaps ,  the 
Tifuro  and  Capi,  or  Tacape  of  the  Antients,  do  the  South;  while 
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Midland  Continent.  And  in  this  Situation,  *  Strabo  feems  to  place 
his  Byzacii  *,  and  at  the  fame  Time  makes  the  Country  of  the  Car¬ 
thaginians  to  be  only  the  Zeugitana  of  Pliny ,  contrary  to  the  Opini¬ 
on  of  fome  Geographers,  who  give  it  a  much  greater  Extent.  How¬ 
ever  the  Zeugitana ,  or  the  greater  Part  of  it  at  lead,  is  ftill  called 
Fregea  or  Frikeea  by  the  Arabs  \  and  as  this  is  without  doubt  a  Cor¬ 
ruption  of  its  antient  Nan 324  fo  the  Tradition  of  it  through  fo  many 
Ages,  may  perhaps  be  a  ftronger  Argument,  that  this  was  the  Af¬ 
rica  properly  fo  called  of  Pliny ,  or  the  Province  of  Africa ,  by 
Way  of  Eminence,  than  moft  of  the  Geographical  Reafons  which 
have  hitherto  appeared  to  the  Contrary. 

The  Kingdom  of  Tunis  then  contains  the  Africa  propria  of  Pliny , 
with  the  Byzacium  of  Strabo ,  or  the  Province  of  Hadrumettum  of 
Ptolemy ,  to  which  we  are  likewife  to  add  fo  much  of  Numidia  as  lies 
half  a  Day’s  Journey,  or  fix  Leagues  Weft  of  Keff ;  for  Keff  or 
Sicca  Venerea  is  now  Part  of  thefe  Dominions,  and  which  Ptolemy 
and  Pliny  place  in  Numidia ,  though  it  is  almoft  in  the  fame  Meridi¬ 
an  with  the  River  Tufca. 
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VII.  M.  de  Life  in  the  Account  of  his  Method  of  making  an  ex- 
a£l  Plan  of  Paris ,  and  comparing  it  with  London ,  and  other  Cities, 
firft  ftiews,  by  what  Means  he  proceeded  in  determining  the  true 
Situation  of  the  feveral  Places  in  Paris :  After  which  he  explains  his 
Manner  of  drawing  a  true  Meridian  Line  through  that  City  ; 
whereby  he  was  enabled  to  divide  it  by  Meridians  and  Parallels ,  as 
is  pradtifed  in  a  general  Map  :  And  then  he  goes  on  in  the  follow¬ 
ing  Words  ; 

“  I  traced  the  Parallels  from  15  to  15  Seconds ,  and  the  Meridians 
ct  from  20  to  20.  Andy  as  under  the  Parallel  of  Paris,  15  Degrees 
of  Latitude  are  equivalent  to  20  of  Longitude,  and  the  like  is  true 
of  Minutes  and  Seconds  ;  by  allowing  5  Seconds  more  to  the  Inter¬ 
vals  of  the  Meridians,  than  to  thofe  of  the  Parallels,  I  formed 
perfect  Squares.  ” 

He  fays,  the  chief  Ufe  he  intended  to  make  of  thefe  Squares, 
was  to  compare  the  Magnitude  of  Paris  with  that  of  London ,  and 
gives  an  Account  of  what  Method  he  took  to  procure  a  juft  Plan  of 
this  City,  which  he  reduced  to  the  fame  Scale  as  that  of  Paris ,  and 
proceeds  thus : 

cc  I  traced  upon  it  in  like  Manner ,  Squares  from  15  to  15  Seconds 
of  a  great  Circle,  and  then  I  was  prepared  to  compare  the  Great - 
nefs  of  the  two  Cities .  ” 

“  The  Refult  of  this  Comparifon  is,  that  Paris  contains  63  of  thefe 
Squares ,  which  makes  for  its  Superficies  3538647  fipuare  Toifes : 
And  that  London  contains  only  60  of  thofe  Squares ,  or  3370140 
“  f quare  Toifes.”  And 
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Magnitude  of  Paris  and  London. 

And  from  hence  he  concludes,  that  Paris  is  one  twentieth  Part 
greater  than  London ,  though  he  fays  he  has  excluded  feveral  Gar¬ 
dens,  contained  within  Paris ,  out  of  this  Menfuration,  which  would 
have  made  it  bear  ftill  a  greater  Proportion  to  London. 

Upon  reading  this  Account  of  M.  de  Lip's ,  it  immediately  occur¬ 
red  to  me,  that  the  Method  which  he  has  here  taken  of  compa¬ 
ring  the  Magnitudes  of  Paris  and  London ,  from  whence  he  in¬ 
fers  that  the  firft  of  thefe  Cities  is  one  twentieth  greater  than  the 
latter,  is  founded  on  a  falfe  Suppofition,  viz*  That  under  the  Pa¬ 
rallel  of  Paris  20  Degrees  of  Longitude  are  equal  to  15  of  Latitude , 
and  confequently  that  by  drawing  Meridians  from  20  to  20  Seconds* 
and  Parallels  from  15  to  15,  the  Figures  formed  by  their  Intellec¬ 
tion  will  be  perfect  Squares  :  For  the  Equator  and  its  Parallels  are  to 
eacn  other  as  the  Sines  of  their  refpe  Clive  Liflances  from  the  Pole . 
Whence,  as  the  Radius ,  or  Sine  of  90  Degrees,  is  to  the  Sine  of  the 
Diftance  of  any  Parallel  from  the  Pole ,  or  Cojine  of  its  Latitude  :  : 
fo  is  a  j Degree  or  any  other  Part  of  the  Equator ,  or  of  any  great  Circle, 
to  the  like  Part  of  the  given  Parallel.  Therefore  taking  the  mean 
Latitude  of  Paris  at  48°.  51',  the  Proportion  of  the  Degrees  of  a 
great  Circle  to  thofe  of  the  Parallel  of  Paris  will  by  a  Table  of 
Sines  be  found  to  be  as  1  to  .6580326.  Whereas  according  to  AT. 
de  Lijle ,  that  Proportion  is  only  as  20  to  15,  or  as  1  to  .75.  The 
Figures  therefore  which  M.  de  Lip  calls  Squares,  are  not  fuch,  but 
Rectangles ,  whofe  longed:  Side  containing  15  Seconds  of  a  great  Cir¬ 
cle,  bears  the  fame  Proportion  to  the  fhorteft,  containing  20  Se¬ 
conds  of  the  Parallel  of  Paris ,  as  .75  does  to  .658,  &?*,  or  nearly 
as  8  to  7..  And  the  Intervals,  which  he  ought  to  have  allowed  to 
the  Meridians,  to  make  perfect  Squares  of  thefe  Figures,  ought  to 
have  been  &V.  Seconds,  or  nearly  22"  f  or  22".  487/  of  the 
Parallel  of  Paris . 

Now  M.  de  Lip  fays,  thefe  Figures  are  perfedt  Squares,  and 
has  computed  them  as  Squares,  whofe  Side  was  15"  of  a  great  Cir¬ 
cle  •,  for  he  fays  Paris  contains  63  of  thefe  Squares,  which  makes 
353^47  Iquare  T'oifes ,  which  laft  Number  being  divided  by  63, 
the  Quote  56169  will  be  the  Number  of  fquare  Toifes  contained  in 
each  Square,  whofe  fquare  Root  gives  237  toifes  for  the  Side  of  each 
Square,  which  is  juft  15"  of  2-4o.  or  a  Degree  of  a  great  Circle. 

M.  de  Lip  hath  therefore  by  this  Account  made  the  fuperficial 
Content  of  each  Rectangle ,  and  confequently  of  the  whole  City  of 
Paris  too  great  by  near  one  leventh.  To  confirm  which  beyond 
Contradiction  we  have  M.  de  Lip's  own  Teftimony,  who  in  the 
Plan  he  himfelf  has  drawn  and  published  of  Paris ,  and  which  he  re¬ 
fers  to  in  this  very  Account,  has  not  made  Squares  of  the  above- 
mentioned  Figures,  but  has  given  to  their  refpedtive  Sides  the  Pro¬ 
portion  of  8  to  7,  which  is  as  near  the  true  one  as  can  well  be  ex- 
prefs’d  by  Lines,  in  a  Plan  of  no  larger  a  Scale  than  this. 
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Now  in  the  Account  we  have  been  confidering,  M.  de  Lijle  fays 
himfelf,  that  in  his  meafuring  of  London  he  drew  Squares,  whofe 
Sides  contained  15  Seconds  of  a  great  Circle,  and  of  thefe  he  fays, 
London  contains  fixty. 

Therefore  to  compare  Paris  with  London ,  we  ought  for  the  fore¬ 
going  Reafons  to  make  an  Abatement  out  of  the  63  ReXangles 
which  Paris  contains,  nearly  in  the  Proportion  of  8  to  7  ;  but  be- 
caufe  that  is  a  little  greater  than  the  true  one  •,  let  us  make  fuch  A- 
batement  only  in  the  Proportion  of  9  to  8,  which  is  pretty  consider¬ 
ably  lefs  than  the  juft  one.  By  which  Abatement  the  Number  of 
Squares,  whofe  Side  is  15  Seconds  of  a  great  Circle  contained  in 
Paris ,  will  be  reduced  from  63  to  56.  And  consequently,  accord¬ 
ing  to  M.  de  Life's  own  Way  of  meafuring,  the  Magnitude  of  Lon¬ 
don  will  be  to  that  of  Paris  as  60  to  56,  or  as  15  to  14  j  or  London 
will  be  one  fourteenth  greater  than  Paris.  But  to  determine  what 
Proportion  thofe  two  Cities  really  bear  to  each  other,  requires  a 
more  exaft  Menfuration  of  London  than  any  we  yet  have,  which 
whoever  would  undertake,  I  think  he  cannot  follow  a  better  Method 
than  that  M.  de  Life  has  taken,  and  would  advife  him  to  confult  the 
Account  upon  which  the  foregoing  Reflexions  are  made,  which  he 
may  find  in  the  Memo  ires  of  the  Royal  Academy  of  Sciences ,  for  the 
Year  1725.  fag.  48. 


An  Account 
of  Obfervati- 
ons  made  on 
Board  the 
■Chatham- 
Yachr,  Aug. 
30,  31.  and 
Sept .  1  j  1 7  3 
in  pur fuance  of 
an  Order  made 
by  the  Lords 
Commijji  oners 
cf  the  Admi¬ 
ralty >  for  the 
frial  of  an 
Infirument  for 
taking  Angles. 
By  John  Had¬ 
ley,  Efq\  V . 

P.  R.  S.  N« 
425.  p.  341. 


VIII.  In  May  1731,  I  communicated  to  the  Society  the  Descrip¬ 
tion  *  of  a  new  Infirument  for  taking  Angles,  and  produced  a  Spe¬ 
cimen  of  an  Infirument  made  accordingly.  Several  of  the  Gentlemen 
to  whom  it  was  fhewn,  as  well  then  as  at  other  Times,  entertained  a 
favourable  Opinion  of  the  Probability  of  its  Ufefulnefs,  particularly 
our  worthy  Vice-Prefident  Dr.  Edmund  Halley ,  Aftr.  Reg.  and  the 
Reverend  Mr.  James  Bradley ,  Aftr.  Pr.  S.  not  only  exprefled  their 
Defire  that  Trial  fhould  be  made  ofitatSea,  butpromifed  the  Favour 
of  their  Company  and  Afli fiance  on  that  Occafion. 

The  Infirument  produced  at  the  Society  was  made  of  Wood,  and 
was  intended  chiefly  for  taking  Altitudes  of  the  Sun,  Moon  and 
Stars,  from  the  viflble  Horizon,  either  forwards  or  backwards  *  I 
therefore  procured  another  to  be  made  of  Brafs  by  Mr.  J.Sijfon ,  for 
taking  the  Diftance  of  any  kind  of  Objects.  It  is  Supported  by  a 
Single  Stem  Screwed  on  to  it  on  the  under  Side,  the  lower  End  of 
which  may  reft  on  the  Ground,  to  eafe  the  Obferver  of  the  Weight 
of  the  Infirument.  This  Stem  is  alfo  made  to  lengthen  or  fhorten, 
by  which  Means  the  Infirument  is  brought  to  the  proper  Height 
for  any  Obferver’s  Eye,  either  Handing  or  Sitting.  Inftead  of  a 
Ball  and  Socket,  it  has  two  circular  Arches  fixed  on  its  Back,  by 
which  it  is  readily  Set  to  any  Pofition  which  the  Situation  cf  the  Ob- 
jeXs  may  require. 

See  above ;  Chap.  11.  §.6.  p,  139. 

The 
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The  Right  Honourable  the  Lords  Commilfioners  of  the  Admiral- 
ty  having  been  pleafed  to  order  the  Chatham-Yatcht  for  the  Trial  of 
the  faid  Inftrument,  and  to  give  Directions  to  Mr.  James  Young. , 
Mafter  Attendant  at  Chatham ,  a  Gentleman  well  fkill’d  in  Naviga¬ 
tion,  to  be  prelent  at  the  Trial,  my  two  Brothers  and  Self  went  on 
Board  accordingly  Aug.  30,  being  favoured  with  the  Company  (be- 
fides  the  two  ’forementioned  Gentlemen  )  of  the  Reverend  Sir  Robert 
Rye,  Bart,  and  Robert  Ord ,  Efq;  Members  of  this  Society.  We 
met  Mr.  Young  at  Sheernefs  the  next  Day,  who  accompanied  us  down 
about  three  Leagues  below  the  Nore,  near  the  Spile-Sandy  and  was  on 
Board  on  Friday ,  Sept.  1,  when  we  lay  by  there,  and  the  feveral  Al¬ 
titudes  of  the  Sun  were  taken  as  ft  approached  the  Meridian  from 
about  Ten  of  the  Clock  'till  Noon. 

The  Obfervations  were  as  follow. 

Aug.  3°,  near  Midnight,  Mr.  Bradley  obferved  the 
Diftance  of  Lucida  Lyre r  from  Cor  Aquilae  by  the  p  *  n 

Brafs  Inftrument  off  Gravefend  in  ftill  Water  34  13 

The  fame  repeated  was  34  13  15 

The  Error  of  the  Inftrument  in  that  Place  is  23^  to  be  fubtraCled. 

The  Diftance  of  thofe  Stars,  according  to  Mr.  0  '  u 

Fla?nfteed ,  is  34  11  50 

Which  by  the  Refraction  is  reduced  to  34  1 1  10 

Aug .  31,  about  10*  3  o',  Mr.  Bradley  obferved  the 
Diftance  of  Capella  from  the  North  Pointer  in  the 
Great  Bear's  Back,  by  the  fame  Inftrument,  while  we 
Jay  at  Anchor  in  the  Mouth  of  the  Medway  near 
Sheernefs ,  the  Wind  blowing  hard  at  N.  E.  49  1 4  00+ 

Or  49  15  00 

Mr.  Bradley  and  my  felf  making  a  fmall  Difference  in  numbring 
the  Angle  mark’d  by  the  Injlex. 

The  Error  of  the  Divifion  of  the  Inftrument  there  is  30^  to 
be  added. 

The  Diftance  of  thofe  Stars,  according  to  Mr.  Q  '  /; 

Flamfteed ,  is  «  .  49  16  00 

By  the  Refraction  reduced  to  49  14  20 

Clouds  coming  up  prevented  the  repeating  this  Obfervation,  nor 
had  we  any  Opportunity  of  making  any  others  of  this  kind. 

Altitudes  of  the  Sun  obferved  by  Mr.  Bradley ,  lying  at  Anchor  in 
the  Mouth  of  the  Medway ,  Aug, /3 1,  Afternoon,  the  Wind  at  N.  E. 
a  frefh  Gale,  by  the  Wooden  Inftrument  forwards.  The  Watch  by 
the  Mean  of  the  Obfervations  appeared  to  be  about  S'  45^  too  (low; 
the  vifible  Horizon  being  fuppofed  3'  3 o''  depreffed  below  the  true 
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by  the  Height  of  the  Obfer-ver’s  Eye  above  the  Surface  of  the  Wa¬ 
ter,  amounting  to  about  8  01*9  Feet. 
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Altitudes  of  the  Sun,  obferved  Sept.  1,  before  Noon,  under  Sail 
from  Sheernefs  towards  the  Spile-Sandy  with  the  Tide  of  Ebb,  the 
Wind  blowing  hard  at  N.  E.  by  the  Wooden  Inftrument  forward. 
The  fecond  Speculum  being  removed  by  foiiie  Accident  from  its 
due  Pofition,  fo  as  to  increafe  the  Angles  obferved  about  one  De¬ 
gree  three  Minutes  and  a  half,  as  appeared  by  the  firft  Obfervations 
of  the  Afternoon  pf  the  fame  Day,  made  with  the  fame  Inftrument, 
in  the  fame  manner,  while  we  continued  lying-by  near  the  Spile  ; 
and  that  Degree  and  three  Minutes  and  a  half  are  added  to  the  Er¬ 
rors  of,  the  Divifions  of  the  Inftrument  in  the  feventh  Column. 
While  thefe  Obfervations  ;were  making,  the  Yatch  fleered  at  firft 
chiefly  E.  fometimes  S.  E.  afterwards  flood  to' the  N.  E.  towards  the 
Swin.  The  Time  of  the  Watch  was  regulated  by  fome  of  the  later 
Obfervations  made  when  we  were  moft  Eaftward,  and  this  was  pro¬ 
bably  the  Caufe  why  the  firft  Altitudes,  which  were  taken  while/we 
were  more  Wefterly,  fall  fo  much  fhort  of  the  Computations,  the 
Difference  decreafmg  gradually  as  we  advanced  towards  the  Eaft. , 
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The  firft  and  fixth  Columns  of  the  preceding  Tables  of  Obferva- 
tions  are  copied  from  the  Minutes  as  they  were  let  down  at  the  Time. 
The  Divifions  of  the  Wooden  Inftrument  being  not  exadl,  f  found 
it  necefifary  to  make  a  Table  to  corredt  them  by,  which  was  done 
partly  by  meafuring  with  Compaffes,  and  partly  by  examining  them 
againft  thofe  of  another  Inftrument.  The  Corrections  are  every 
where  to  be  fubftradted  from  the  Angles  obferved,  and  the  Errors 
of  a  Degree  and  three  Minutes  and  a  half,  occafioned  by  the 
mifplacing  the  fecond  Speculum  in  all  the  forward  Obfervations  of 
Sept .  i,  being  of  the  fame  kind,  are  joined  with  them,  in  the  fe- 
venth  Column  of  the  Tables  of  thofe  Obfervations.  The  laft  Co¬ 
lumn  contains  the  Differences  between  the  obferved  Altitudes,  cor¬ 
rected  by  the  ’forementioned  Table,  and  the  Altitudes  as  they  ought 
to  have  appeared  by  the  Computations.  Among  them  there  are 
two  or  three  which  fo  much  exceed  any  of  the  reft,  that  for  that 
reafon  they  feem  to  be  rather  owing  to  Miftakes,  in  counting  the 
Minutes  on  the  Inftrument,  or  the  Time  by  the  Watch,  than  to  the 
Errors  of  the  Obfervations. 

The  greateft  Part  of  the  Altitudes  were  taken  by  a  Horizon  not 
clear  of  Land,  and  by  that  Means  not  always  fo  readily  diftinguifti- 
able.  The  Obfervers  were  all  Perfons  quite  unaccuftomed  to  the 
Motion  of  a  Ship  at  Sea,  which  in  this  Cafe  was  generally  very  great 
and  quick,  the  Vefifel  we  were  in  being  only  of  about  60  Tuns 
Burthen,  as  the  Mafter  informed  us,  the  fmallnefs  of  which  made  it 
alfo  more  liable  to  be  lifted  up  and  let  down  agaiij  by  the  Waves  : 
And  if  the  Difference  of  Height  occafioned  by  that  Means  was  a- 
bout  four  or  five  Feet,  as  we  judged  it  to  be,  it  muft  neceffarily  fink 
and  raife  the  vifible  Horizon  by  Turns  near  one  Minute.  The 
Computations  of  the  Sun’s  Altitudes  are  all  made  for  the  Latitude 
of  510  28',  whereas  a  good  Part  of  them  were  taken  under  Sail,  and 
upon  different  Tacks,  the  Vefiel  fometimes  {landing  N.  E.  or  N. 
and  at  other  times  South  Eaft,  for  near  a  quarter  of  an  Hour  at  a 
Time.  -  1 

Several  of  thefe  Circumftances  may  probably  have  contributed  to 
increaie  the  Inconfiftency  of  the  Obfervations  ;  but  as  no  particular 
Notice  was  taken  of  them  at  the  Time,  I  content  my  felf  with  bare¬ 
ly  mentioning  them. 

The  Principle  on  which  the  Contrivance  of  this  Inftrument  de¬ 
pends,  was  laid  down  in  the  Philof.  Prmf.  N°.  420.  in  one  Propofiti- 
on,  and  feveral  Corollaries ,  the  fifth  of  which  contains  the  Grounds 
of  an  Approximation  for  corredting  fome  fmall  Errors  which  will 
arife  if  the  Plane  of  the  Inftrument  be  fuffered  to  vary  too  much  from 
the  great  Circle  pafling  through  the  two  Objedls,  when  the  Obferva- 
tion  is  taken.  There  appears  reafon  to  think,  that  there  will  be  very 
little  Occafion  in  Pradtice  for  that  Correction  ;  but  it  was  neceffary 
to  mention  it,  in  order  to  explain  the  Nature  of  the  Inftrument  and 

as 
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as  the  manner  of  deducing  that  Corollary  from  the  Propofition  may 
not  appear  obvious  to  every  Reader,  I  have  here  annexed  the  De- 
monftration  of  it. 

Let  O  B  C  in  the  annexed  Figure  reprelent  an  infinite  Sphere,  at  Fig.  ioo 
vvhofe  Center  R  are  placed  the  two  Specula  inclined  to  one  ano¬ 
ther  in  any  given  Angle,  and  let  their  common  Sedlion  coincide  with 
the  Diameter  O  R  C.  Let  BAN  be  the  Circumference  cf  a  great 
Circle,  to  the  Plane  of  which  the  common  Section  of  the  Specula 
O  R  C  is  perpendicular,  and  BR  its  Radius :  Let  ban  be  the  Cir¬ 
cumference  of  a  Circle  parallel  to  BAN,  and  at  the  Diftance  from 
it  Bb:  Draw  £D  the  Sine,  and  hr  the  Sine  complement  of  the 
Arch  B  b :  B  D  is  the  verfed  Sine  of  the  fame.  Let  A  be  a  Point 
of  an  Objedt  placed  in  a  Circumference  of  the  great  Circle  B  A  N, 
and  N  the  Point  in  which  its  Image  is  formed  by  the  two  fuccefiive 
Reflections,  as  before  delcribed  ;  and  let  a  be  a  Point  of  another 
Objedl  placed  any  where  in  the  Circumference  of  the  Parallel  b  an, 
and  n  its  Image  ;  and  let  ahn  be  an  Arch  of  a  great  Circle  palling 
through  the  Points  a  and  n.  The  Point  a  is  at  the  fame  Diftance 
from  the  great  Circle  BAN,  as  the  Point  b,  i.  e.  at  the  Diftance 
B  b.  Draw  A  R,  AN,  RN,  ar,  an,  rn ,  ffR  and  n  R. 

By  the  fourth  Corollary  the  Figures  ARN  and  am  are  fimilar, 
and  confequently  the  Line  AN  is  to  the  Line  an  as  A  R  or  B  R 
is  to  ar  or  br ,  i.  e .  as  the  Radius  is  to  the  Sine  complement  of  the 
Diftance  Bb.  But  AN  is  the  Chord  of  the  Arch  AHN  of  the 
great  Circle  BAN  equal  to  the  Tranflation  of  the  Point  A,  or 
double  the  Inclination  of  the  Specula,  and  an  is  the  Chord  of  the 
Arch  ahn  of  a  great  Circle,  meafuring  the  Angle  aRn,  by  which 
the  Point  a  appears  removed  by  the  two  Reflections,  to  an  Eye 
placed  ’in  the  Center  R.  Therefore  the  Tranflation,  or  apparent 
Change  of  the  Place  of  the  Point  a  is  meafured  by  an  Arch  of  a 
great  Circle,  whole  Chord  is  to  the  Chord  of  the  Arch  AHN  ( e- 
qual  to  double  the  Inclination  of  the  Specula)  as  the  Sine  comple¬ 
ment  of  its  Diftance  from  the  great  Circle  BAN  is  to  the  Radius. 

From  any  Point  C  of  the  Circumference  O  B  C,  draw  the  Chords 
CM  and  Cm,  to  the  fame  Side  of  the  Point  C,  and  equal  to  the 
Chords  A  N  and  a  n  refpedtively,  draw  the  Radius  R  M,  and  from 
R  and  m  draw  R  and  m  P,  both  perpendicular  to  CM,  and 
cutting  it  in  Qjmd  P.  RQJs  the  Sine  complement,  and  C  M 
double  the  Sine  of  half  the  Angle  M  R  C,  or  ARN,  or  of  the 
Angle  of  Inclination  of  the  Specula.  The  little  Arch  M  m  will  re- 
prefent  the  Difference  of  the  apparent  Tranflations  of  the  Objedts  in 
A  and  a  ;  and  if  it  be  very  final  1,  may  be  looked  on  as  a  ftrait  Line, 
and  the  little  mixed  Triangle  MwP  as  a  redlilinear  one,  which  will 
be  fimilar  to  RMQ,  becauie  R  M  is  perpendicular  to  M  m  and  RQ^ 
to  C  M,  and  the  Angles  at  Qjmd  P  right  Angles.  1  he  Line  C  P 
may  betaken  as  equal  to  Cm,  and  MP  as  the  Difference  or  the 
Vol.  VI.  L 1 1  Lines 
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Lines  C  M  and  C  m.  Therefore  the  little  Arch  M  m  is  to  the 
Line  M  P  nearly  as  R  M  to  R  Qj  But  CM  ( i.  e.  AN)  was  to 
C  m  (  u  e .  an)  as  B  R  to  b  r,  and  the  Difference  M  P  of  C  M  and 
C  in  to  the  Difference  B  D  of  B  R  and  br  as  C  M  to  B  R.  There¬ 
fore  M  //2,  the  Difference  of  the  apparent  Tranflations,  is  to  B  D, 
the  veiled  Sine  of  the  Diftance  B  b ,  or  to  an  Arch  equal  to  it,  in 
the  compound  Ratio  of  R  M  the  Radius  to  R  Qjthe  Sine  comple¬ 
ment  of  the  Angle  of  Inclination  of  the  Specula,  and  C  M  dou¬ 
ble  the  Sine  of  the  fame  to  B  R  the  Radius,  i.  e.  as  C  M  to  R 

The  Oblervation  may  be  corredted  by  one  eafy  Operation  in  Tri¬ 
gonometry,  as  will  appear  from  the  firit  Part  of  this  Corollary,  viz. 
by  taking  the  half  of  the  Angle  obferved,  and  then  finding  another 
Angle,  whofe  Sine  is  to  the  Sine  of  that  half,  as  the  Sine  comple¬ 
ment  of  the  Diftance  B  b  is  to  the  Radius  :  This  Angle  doubled, 
will  be  the  true  Diftance  of  the  Objedls.  But  as  this  Operation, 
though  eafy,  will  require  the  ufe  of  Figures,  I  rather  chofe  the  Me¬ 
thod  of  Approximation,  becaufe  by  that  the  Obferver,  retaining  in 
his  Memory  the  Proportions  of  the  Sines  of  a  few  particular  Arches 
to  the  Radius,  may  eafily  eftimate  the  Corredtion  without  Figures, 
when  the  Angle  is  not  great,  and  by  a  Line  of  artificial  Numbers  and 
Sines,  may  always  determine  it  with  greater  Exadtnefs  than  will  ever 
be  neceffary. 

When  the  Angle  obferved  is  very  near  180  Degrees,  the  Corredtion 
may  be  omitted  j  for  then  it  will  be  eafy  to  keep  the  Plane  of  the  In- 
ftrument  fo  near  that  of  the  before-mentioned  great  Circle  as  not  to 
w?tnt  any,  if  the  Situation  of  that  Circle  be  known  :  If  it  be  not,  the 
Obferver,  when  he  fees  the  two  Objedls  together,  may  turn  the  In- 
ftrument  on  the  Axis  of  the  Telefcope,  ’till  he  finds  that  Pofition  of  it 
by  which  he  obtains  the  leaft  Angle  ;  and  this  ( if  the  Specula  are  fee 
truly  perpendicular  to  the  Plane  of  the  Inftrument)  will  always  happen 
when  the  Objedls  appear  to  coincide  in  the  Line  g  h ,  as  exprefied  in 
Fig.  89  *.  '  ■: 

In  Page  142.  a  Rule  is  given  for  finding  to  which  Hand  of  the 
Obferver  the  Objedl  feen  by  Refledtion  ought  to  lie,  but  is  reftrained 
to  the  particular  Form  of  the  Inftrument  there  deferibed.  The  ge¬ 
neral  Rule  is,  that  when  the  Index  is  brought  to  the  beginning  of  the 
Scale  ( i.  e.  to  o°  when  the  Inftrument  is  defigned  for  Angles  under 
9 o°,  or  to  90°  when  it  is  defigned  for  Angles  from  90°  to  1800  )  if 
then  a  Line  be  imagined  to  be  drawn  on  it  parallel  to  the  Axis  of  the 
Telefcope,  or  Line  of  Diredlion  of  the  Sight,  fo  as  to  point  towards 
the  Objedl  feen  diredlly  j  which  ever  way  this  Line  is  carried  by  the 
Motion  of  the  Index  along  the  Arch  from  o°  towards  90°  in  the  firft 
Cafe,  or  from  90^  towards  i8oc>  in  the  fecond,  the  fame  way  the 
Objedl  feen  by  Refledtion  ought  to  lie  from  that  which  is  feen 
directly. 


*  Chap.  1 1.  §.  6« 
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IX.  To  perfect  the  Art  of  Navigation,  two  Things  feem  princi-  A  Method  for 
pally  wanting.  An  eafy  Method  for  finding  the  Longitude  at  Sea  ;  Rowing  Men 
and  a  Way  to  give  a  VefTel  its  Courfe,  when  there’s  no  Wind  ftir-  °Q^r  inc  a 
ring.  I  flatter  my  felf  to  have  found  the  laft  ;  and  hope  to  make  it  J^icnted^by 
appear,  that  a  Man  of  War  may  make  a  League  an  Hour  in  a  Calm,  Mr.  Du  Quer. 
by  Means  of  revolving  Oars,  which  are  eafily  apply ’d  to  the  Sides  of  369*  p- 
the  Ship,  without  occahoning  any  Incumbrance.  239* 

They  take  the  Water  perpendicularly,  and  enter  far  enough  not  to 
mifsit:  And  if  the  Water  fhould  happen  to  evade  the  Stroke,  the 
Rowers  would  not  be  much  incommoded  ;  becaufe  they  would  be 
fupported  at  every  Vibration,  which  is  only  of  three  Foot.  Befides, 
in  the  Ufe  of  inclined  Oars,  more  than  half  the  Time  is  loft,  in  raif- 
ing  and  recovering  the  Oar,  before  they  give  the  Stroke  *,  which 
makes  the  VefTel  move  by  jerks,  fo  that  the  People  aboard  feel  (  as 
it  were  )  every  Stroke  of  the  Oars  when  they  play  •,  whereas,  the 
revolving  Oars  always  move  equally,  and  fucceed  one  another  with- 
out  Lofs  of  Time*,  which  makes  the  VefTel  move  uniformly,  with¬ 
out  affedting  thofe  who  ar 6  aboard.  It  is  to  be  obferved  too,  that  a 
Gaily  built  on  purpofe  for  the  Ufe  of  inclined  Oars,  would  not  be 
fo  proper  as  another  VefTel  for  perpendicular  Oars ;  becaufe  the 
Gaily  has  a  confiderable  Length  and  but  little  Height  above  the 
Water. 

Having  propofed  this  Invention  to  the  Court  of  France,  I  was  fent 
to  Havre  de  Grace,  to  make  a  Tryal,  which  had  the  Approbation  of 
the  Intendant.  He  made  his  Report,  That  the  Officers  at  firft  ob 
jedfed  to  the  Invention  ;  but  as  for  his  own  part,  the  more  particu¬ 
larly  he  con  fide r’d  it,  the  more  he  was  convinced  of  its  Ufefulnefs. 

I  was  afterwards  fent  to  Marfeilles,  where  I  made  feveral  Tryals  on 
board  a  Gaily  *,  the  Swiftnefs  of  which  was  compared  with  that  of  ano¬ 
ther  Gaily,  equipped  as  ufual.  M.  de  Chazelles,  a  Member  of  the 
Royal  Academy  of  Sciences,  and  Engineer  of  the  King’s  Gallies,  had 
Orders  to  make  his  Cbfervations,  and  fend  them  to  Court :  A  Copy 
of  which  he  gave  me,  fign’d  with  his  own  Hand,  and  is  as  follows* 

An  Experiment  of  the  Swiftnefs  of  a  Gaily ,  with  perpendicular  revolv -  The  Report  of 
in g  Oars ,  invented  by  Monfieur  Du  Quet  *,  compared  with  that  of  a  Mfnficur  de 
common  Gaily.  Made  at  Marfeilles,  &c. 

At  ioh.  3  min.  in  the  Morning,  the  Superbe  Gaily  quitted  her 
Station  over-agaiilft  the  Auguftins ,  in  order  to  fall  down  to  the 
Chain . 

At  io  h*  it  m.  fhe  came  to  the  Chain.  . 

At  io  h.  6  min.  the  Machine  Gaily  quitted  her  Station,  at  the  in- 
nermoft  Part  of  the  Port.  She  had  three  Machines  on  each 
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io.  £3.  She  came,  to  the  Chain . 

10.  19.  The  two  Gallies  abreaft.  Both  row  with  their  whole 
Crews. 

10.  25.  The  Superbe  paffes  *,  and  then  rows  only  with  the  hinder 
part  of  her  Crew. 

to.  27.  The  Machine  Gaily  paffes. 

10.  28.  Both  row  with  their  whole  Crews. 

jo.  30.  The  Superbe  Gaily  paffes;  and  then  rows  only  with  the 
fore-part  of  her  Crew. 

10.  32.  The  Machine  Gaily  paffes  ;  upon  which  the  Superbe  G ally- 
claps  no  more  Oars,  till  fuch  Time  as  fhe  has  acquir’d  the  fame 
Velocity  with  the  Machine  Gaily  :  And  it  appeared,  that  with 
feven  or  eight  Oars  lefs  than  her  Complement  on  each  fide,  fhe 
kept  up  with  the  Machine  Gaily ;  making  about  200  Rowers, 
which  was  the  Number  of  the  Machine  Gally’s  Crew.  There 
was  a  little  Wind  a-head,  which  retarded  the  Superbe  fomething 
more  than  it  did  the  Machine  Gaily  ;  becaufe  the  Superbe  had 
her  Malts  and  Yard-Arms  Handing,  and  the  other  not. 

10.  43.  Came  to  the  Moorings  of  the  IJles.  The  Sign  given  for 
turning. 

10.  47.  The  Superbe  was  come  about.  It  appeared,  that  the  Ma¬ 
chine  Gaily  was  confiderably  quicker  in  turning  than  the. Superbe. 

10.  30.  They  came  again  into  Port.  ,  r  V.. 

By  this  it  appears,  that  the  Machine  Gaily  has  a  confiderable  Ad¬ 
vantage  over  the  common  one,  in  quitting  her  Station,  and  acqui¬ 
ring  her  fjrlt  Motion :  <;For,  in  feven  Minutes,  fhe  ran  the  whole 
Length  of  the  Port  ;  having  quitted  her  Station  by  means  of  her 
Oars,  without  towing  her  felf  by  her  Moorings  *  which  is  what  ano¬ 
ther  Gaily  would  not  have  effected,  but  very  Howly.  And  the 
Superbe  Gaily,  after  fhe  had  moved  from  her  Station,  was  8  Mi¬ 
nutes  in  going  a  lefs  Diffance  than  the  Length  of  the  Port.  But  if 
we  confider  the  Experiment  made  without  the  Harbour,  it  feems  to 
prove  the  common  Gaily  to  have  the  Advantage  over  the  Machine 
Gaily,  though  the  Number  of  Hands  be  equal.  For,  with  8  Oars 
lefs  than  her  Complement  on  each  fide,  fhe  kept  up  with  the  Ma¬ 
chine  Gaily,  notwithftanding  the  greater  Refiftance  of  the  Wind  a- 
gainft  her  Mails.  However,  if  we  confider,  that  the  Crew  of  the 
Superbe  was  a  great  deal  better  than  that  of  the  Machine  Gaily  ; 
that  the  Superbe  is  acknowledged  to  be  one  of  the  heft  Sailors  the 
King  has ;  whereas  that  which  had  the  Machines ,  is  an  old  decayed 
Gaily,  and  reckoned  a  very  bad  Sailor;  befides  that  the  Crew  of 
the  Superbe  are  much  better  acquainted  with  the  common  Oar,  than 
the  others  are  with  the  new  way  of  rowing  •,  and  that  in  the  com¬ 
mon  Gaily  there’s  no  Improvement  to  be  made,  either  with  refpedt  to 
the  Proportion  ol  the  Oars,  their  Length,  the  Breadth  of  the  Pal- 
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lets,  the  Height  of  the  Point*  of  Reft,  or  with  refpedt  to  the 
Conftrudlion  of  the  VefTel  \  whereas  in  the  Machine ,  there  are  feve- 
ral  Things  to  be  improved  and  altered  in  the  Oars,  the  Hand-fpikes, 
and  in  difpofing  the  Men  to  the  belt  Advantage.  Thefe  Things,  I 
fay,  confidered,  it  feems  reafonable  to  believe,  that  a  Veil'd  with 
the  Machines  might  go  fafter  than  one  with  the  common  Oars  ;  be- 
caufe  the  Lofs  of  Time  is  avoided,  which  happens  in  the  ordinary 
way  of  rowing. 

This  Experiment,  however  defective  it  be,  for  the  Reafons  above, 
will  prove,  That  the  Velocity  is  greater  in  this  way  of  rowing  than 
in  the  other,  when  the  Circumftances  on  both  fides  are  equal.  For, 
by  my  Journal,  I  find,  that  the  Patronne ,  in  Company  with  four¬ 
teen  other  Gallies,  left  the  Port  of  Mar  fellies  at  50  min.  paft  three  ; 
and  rowing  all  in  a  Calm,  came  to  the  Ifles  at  4  h.  23  min.  *,  which 
made  33  m.  in  going  from  the  Chain  to  the  Ifles.  But  the  Machine 
Gaily  made  the  fame  way,  with  200  Men,  in  30  min.  having  left  the 
Chain  at  10  h.  13  m.  and  arrived  at  the  Ifles  at  10  h.  43  min.  altho’ 
there  was  fome  Wind  a-head.  Signed  Chazelles. 

This  Experiment  fliews,  that  the  hnpetus  does  not  depend  upon 
the  Number  of  Oars,  but  the  Number  of  Men.  A  Veffel  charged 
with  revolving  Oars,  will  go  as  faft  in  a  Calm  with  100  Men,  as  it 
would  do  if  towed  by  a  Gaily  of  200  Men  >  becaufe  there  will  be 
one  Gaily  lefs  to  draw  along. 

The  Experiment  made  of  the  New  Machine ,  although  defective  ^!lotjocr  ^  * 
by  reafon  of  the  Difference  there  was  with  refpedt  both  to  the  Crew  jnojre  0f  Mfn_ 
and  the  Veffels,  does  yet  leave  room  to  expedt  a  confiderable  Ad-  fieur  Chazel- 
vantage  from  this  Invention,  in  giving  the  Ship  way  :  For  though  les>  concerning 
the  common  Gaily  fhould  keep  up  with  the  Machine  Gaily  at  their  tf  ^jejubiejs 
fir  ft  fetting  out,  with  equal  Number  of  Hands ;  ’tis  evident,  the  la/nilhlng 
Machine  Gaily  will  get  the  better  at  long  Run,  when  the  others  Crew  Oars ,  invent* 
are  fo  fatigued,  as  to  be  obliged  to  row  by  turns.  For  here  the  Men  cd  by  M.  Da 
will  hold  a  longer  Time,  their  Addon  not  being  fo  great,  nor  fg  vio- 
lent.  Befides,  having  only  200  Men  employed,  and  being  equally 
manned  with  the  other  Gaily,  frefh  Hands  may  be  fupplyed,  and  fo 
they  will  continue  to  go  at  the  fame  Rate  :  For  in  cafe  of  Need, 
the  Marines  may  be  employed  in  this  Service  *,  which  they  will 
perform  with  as  little  Reludtance,  or  Trouble,  as  they  work  at  the 
Capftane. 

The  Reafon  of  this  Increafe  of  Velocity  appears  plain,  if  we  con- 
fider  the  Difference  between  the  common  way  of  rowing,  and  that 
by  perpendicular  Oars :  The  laft  is  done  by  an  uninterrupted  Appli¬ 
cation  of  Force,  in  the  fame  Diredlion  *,  the  or.her  adts  by  Jerks. 

And  of  the  three  Parts  of  Addon  that  are  employed,  in  order  to 
give  the  Strokes  ;  one  in  raifing  the  Oar  out  of  the  Water,  the 
fecond  in  advancing  the  Hands  forwards,  and  the  third  in  prefling 

again  ft 
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againfl  the  Water  *,  only  the  la  ft  turns  to  Account :  And  that  ft  ill 
lofes  fomething  of  its  Efficacy  *,  for  the  Crew,  by  their  falling  back 
all  together,  make  the  Veffel  plunge,  and  render  its  Motion  ob¬ 
lique,  which  contributes  very  much  to  its  Decay. 

Thefe  are  not  the  only  Defedls  of  the  common  Oars  ;  for,  in 
order  to  augment  their  Force,  the  Number  is  to  be  increafed,  and 
eonlequently,  the  Veffel  muff  have  a  greater  Length  ;  by  which 
means,  it  is  rendered  weaker  and  lefs  able  to  refill  the  Force  of  the 
Sea.  Befides,  the  Veffel  mull  be  low-built,  and  uncovered,  (and  fo 
more  expofed  to  the  beating  in  of  the  Waves )  by  reafon  they  are 
obliged  to  proportion  the  Length  of  the  Oar  to  the  Strength  and 
Size  of  the  Men.  And  though  the  Crew  ffiould  be  under  fome  Co¬ 
vert,  as  they  are  in  a  Galeafs  ;  an  Opening  muff  be  left  for  the  Oars 
to  play,  by  which  the  Waves  may  beat  in. 

Both  thefe  Inconveniencies  are  avoided,  by  the  perpendicular  Oars  ; 
becaufe  the  Addition  of  Force  may  be  obtained,  by  only  applying 
more  Elands  to  the  Machine  *,  fo  that  with  two  or  three  Machines  on 
a  Side,  there  will  be  more  or  lefs  Force,  in  proportion  to  the  Num¬ 
ber  of  Men  employed,  and  the  Length  of  the  Veffel  may  be  leffen- 
ed  at  Difcretion.  And  to  guard  againfl  the  Sea,  another  Deck  may 
be  made,  flout  clofe  on  all  Sides,  even  where  the  Axis  of  the  Ma¬ 
chine  paffes  through. 

The  chief  Objections  againfl  this  Invention,  feem  to  me  fufficiently 
obviated  by  M.  Du  Quet's  Memoire  :  But  though  the  whole  of  what 
is  objedted  ffiould  indeed  prove,  that  a  V effcl  made  for  failing,  as 
the  common  Gaily,  would  be  fo  incumbered  with  the  Machines ,  as 
to  make  the  Ufe  of  Sails  impracticable  ;  yet  if  it  flill  holds  true,  that 
ffie  will  move  faffer  ;  as  appears,  both  by  Reafon  and  Fadl ;  it  muff 
be  allowed,  that  a  Veffel  might  be  fo  commodioufly  conflrudled,  to 
carry  thefe  Machines ,  as  to  go  as  faff  as  a  Gaily  in  a  Calm,  and  bet¬ 
ter  endure  the  Weather  when  under  Sail. 

Such  a  Veffel  would  have  feveral  Advantages  above  a  Gaily,  both 
in  Sailing,  and  in  Fight  *,  not  to  mention  the  Conveniences  of  lodg¬ 
ing  the  Crew.  She  may  put  off  to  Sea  any  where,  and  thereby  avoid 
the  Dangers  attending  the  Coaft- Winds,  which  Galiies  find  to  be  a- 
head  as  foon  as  they  have  doubled  certain  Capes  ;  and  fo  they  find 
themfelves  between  two  Winds,  which  there  would  be  no  Danger  of, 
farther  out  at  Sea.  With  refpedl  to  Fight,  floe  may  mount  Cannon 
fore  and  aft,  and  on  each  fide  *,  and  even  Mortar-pieces.  In  Time 
of  Battel,  ffie  would  be  of  wonderful  Ufe ;  for  ffie  would  take  and 
.maintain  her  Poll  without  Affiftance,  either  at  the  Head,  or  the 
Rear  of  the  Enemy’s  Line,  and  there  make  ufe  of  her  Bombs: 
Befides  the  Advantages  of  towing  off  other  Veffels  from  their  Dan¬ 
ger  in  a  Calm,  and  of  boarding,  or  making  off'  from  the  Enemy, 
And  this  holds  in  Ships  of  any  Rate  *  provided  the  Length  of  the 

Oars* 
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Oars,  the  Breadth  of  the  Pallets,  and  the  Strength  of  the  Hand- 
fpikes  be  proportionable.  And  the  moving  Force  will  always  be  in 
proportion  to  the  Strength  and  Number  of  the  Men  employed,  and 
not  to  the  Number  of  Machines ,  as  in  the  common  Oars,  which  too 
are  impracticable  in  Ships  above  the  fourth  Rate,  by  Reafon  of  their 
great  Length,  which  will  be  difproportionate  to  the  ordinary  Bulk 

of  a  Man.  . 

By  this  means  the  Crew  will  be  free  from  the  Fatigue  of  towing, 

and  the  Veiled  will  move  incomparably  fafter  than  if  it  was  towed  ; 
becaufe  the  Chaloups  which  tow,  are  fubjeCt  to  the  Inconveniencies 
of  the  common  Way  of  towing,  by  lofing  two  thirds  of  the  Time  •, 
and  befides,  they  can’t  act  all  together  :  And  the  Veil'd  that  is  towed, 
pulling  them  back  after  the  Oar  has  made  its  Stroke,  they  have  fo 
much  of  the  Space  to  regain  by  the  next  Stroke.  Befides,  the  Cable 
by  which  they  tow,  finking  into  the  Water  by  its  own  Gravity,  the 
Refiftance  the  Water  makes  to  its  Return,  is  to  be  over-balanced  * 
all  which  Circumftances  together  confiderably  dirainiih  the  towing 


Force. 

Befides,  this  Invention  is  not  fuch  as  is  deftrudhve  to  Mankind, 
and  becomes  ufelefs  to  the  Nation  that  firft  piles  it  in  I  radticc , 
when  generally  known  ;  on  the  contrary,  it  may  be  greatly  advan¬ 
tageous  to  the  Inventors  at  the  Beginning,  and  every  where  fervice- 
able  on  many  Occafions,  when  it  is  put  in  Praftice  by  thofe  who 
ufe  the  Sea.  Signed  Chazelles. 

M.  de  Chazelles  might  have  added,  that  the  Chaloups  that  tow, 
are  in  clofe  Fight  liable  to  be  funk  by  the  Enemy’s  Cannon,  and  are 
expofed  to  the  Waves  by  their  having  fo  little  Height  above  Water. 

The  chief  Advantage,  and  which  includes  all  the  reft,  is,  that 
let  a  Veffel  crowd  as  much  Sail  as  poftible,  the  perpendicular  Oars 
are  always  capable  or  increafing  her  Swiftnefs,  becaufe  the  Rowers 
have  only  a  Motion  of  3  Foot  to  make  one  Way,  and  as  much  me 
contrary  Way,  in  order  to  make  the  Oars  deferibe  54  Foot  Space 
in  the  Water,  and  that  Motion  of  6  Fooc  might  be  performed  in 
two  Seconds  of  Time,  if  the  Oars  met  with  no  Refiftance  ;  conse¬ 
quently  the  Veffel  muft  run  54  Foot  in  two  Seconds,  that  is,  about 
6  Leagues  an  Hour,  before  thofe  revolving  Oars  be  unferviceable, 
for  then  the  Veffel  would  go  as  fail  as  the  Oars  could  poflib  y  move 
with  a  Diameter  of  18  Foot  -,  and  if  it  was  neceflary  co  make  them 
move  fafter,  it  is  only  lengt’nning  out  their  Diameter,  and  they 
would  move  fo  much  the  fafter,  without  obliging  the  Rowers  to  in- 

creafe  their  own  Motion.  '  ^  y  ,  i 

Mr.  Arnoult  was  ordered  to  examine  the  new  Oars,  and  he  made 
his  Report  to  the  Court,  that  the  Officers  ot  the  Gal  lies  fount., 
that  they  interfered  with  the  Ufe  of  the  Sails  in  a  Gaily,  but  mignt 
be  of  Ufe  in  other  Veffels  and  Bomb-ketches  ;  in  Confequence 
which,  I  was  fent  to  Toulon  to  make  the  Experiment  on  boara^a 

Bomb-ketch. 
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Ac  the  Time  when  the  Experiment  was  made,  M.  de  Vauvre ,  and 
the  Officers  of  the  Marine  were  at  Sea,  and  only  fome  Officers  of 
the  Port  were  prefen t,  who  fent  a  Verbal  Procefs  to  the  Court, 
without  acquainting  me  with  it,  or  offering  any  Objection,  although 
I  had  very  much  preffed  them  to  it,  in  order  to  obviate  the  Preju¬ 
dices  might  be  conceived  againft  this  Novelty. 

At  my  Return  to  Paris ,  M,  de  Salabery ,  furpriz’d  at  my  knowing 
nothing  of  that  Account,  gave  it  me  to  anfwer,  which  I  did  Para¬ 
graph  by  Paragraph:  The  whole  was  given  to  a  general  Officer  then 
at  Court  to  examine,  and  make  a  Report  of  it,  the  Refult  of  which 
was.  That  this  Invention  ought  to  be  put  in  Pradtice. 


An  Auou.nl  of 
a  nezv  Machine, 
called  the  Ma¬ 
rine  Survey¬ 
or,  contrived 
for  the  Menfu - 
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in  the  Sea, 
more  correftly 
than  by  the 
Log.  By  Mr. 
Henry  de 
Saumarez. 
N°.  391.  p. 
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X.  i.  The  Primum  Mobile ,  0 7  Soul  of  this  Machine,  is  in  the 
Form  of  the  Letter  Y,  and  is  made  in  Iron,  or  any  other  Metal  : 
At  each  End  of  the  Lines,  which  conftitute  the  Angle,  or  upper 
Part  of  that  Letter,  are  two  Pallets  not  much  unlike  the  Figure  of 
the  Log  ;  one  of  which  falls  in  the  fame  Proportion  as  the  other 
rifes.  The  falling  or  pendent  Pallet  meeting  a  Refiltance  from  the 
Water,  as  the  Ship  moves,  has,  by  that  Means,  a  circular  Motion 
under  Water,  which  is  falter  or  flower,  according  as  the  Veffel  moves. 
This  Motion  is  communicated  to  a  Dial  within  the  Ship  (which  is 
fixed  either  in  the  Mailer’s  Cabbin,  or  any  other  proper  Place )  by 
means  of  a  Rope  (of  any  convenient  Length )  falten’d  to  the  Tail 
of  the  Y,  and  carried  to  the  Dial.  The  Motion  being  thus  com¬ 
municated  to  this  Dial,  which  has  a  Bell  in  it,  it  ftrikes  exadtly  the 
geometrical  Paces,  Miles,  or  Leagues,  which  the  Ship  has  run. 
Thus  is  the  Ship’s  Diflance  attained  ;  and  with  equal  Eafe  may 
the  Forces  of  Tides  and  Currents  be  difeovered  by  this  Inltrument. 

A  K  C  L  and  BHDI  are  the  Pallets,  which  are  worked  from 
the  Legs  D  E  and  C  E  into  the  Form  they  appear,  to  a  Breadth 
of  about  4-  Inches.  The  Length  of  the  Pallets  (BD  and  ACJ 
are  8  Inches.  The  Branches  or  Legs,  DE  and  C  E,  are  each  15 
Inches  and  a  half  long,  and  2  in  Circumference,  the  Diameter  of 
which  is  about  j  of  an  Inch  ;  and  the  Angle  C  E  D,  which  is  con¬ 
tained  between  them,  is  43  Degrees.  The  Shank  E  F  is  of  the  fame 
Thicknefs  or  Circumference  with  C  E  and  D  E,  and  is  27  Inches 
long.  At  the  Point  F  there  is  a  Ring,  where  one  End  of  the  Rope 
F  G  is  hooked  to  the  Machine,  the  other  End  G  being  fixt  to  the 
Dial  within  the  Ship  or  Veffel.  This  Rope  may  be  about  5  Fa¬ 
thoms,  more  or  lefs,  according  as  the  Dial  is  fixed  high  or  low,  in 
refpedt  to  the  Surface  of  the  Water. 

In  the  Figure  this  Machine  has  but  tv/o  Branches  ;  however,  it 
may  be  formed  of  three,  if  not  four,  and  adjuffed  to  the  fame 
Standard  or  Meafure  :  But  as  three  or  four  Branches  would  be  more 
fubjedt  to  entangle  themfelves  in  Sea- Weeds,  and  thereby  prevent  the 
regular  Motion  of  the  Inltrument,  if  not  in  fome  Meafure  impede 
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the  Ship’s  Way,  I  cannot  but  recommend  their  being  made  only  of 
two  Branches,  in  the  Manner  I  have  laid  down  for,  in  my  own  Ex¬ 
periment  at  Sea,  I  have  obferved  thofe  made  in  this  Form  have  been 
fo  fir  from  being  choak’d  by  Weeds,  that  if  they  encountered  any 
at  any  Time,  they  have  always  cleared  themfelves  of  them,  without 
the  Trouble  of  hauling  the  Engine  into  the  Ship  to  do  it.  This  In- 
ftrument  maybe  regulated  feveral  Ways;  as  firft,  by  opening  or 
clofing  the  Angle  C  E  D  ;  fecondly,  by  lengthening  or  fhortening  the 
Branches,  or  turning  or  bending  more  or  lefs  the  Pallets  A  K  C  L 
and  BHDI  ;  and  fo  in  this  Manner  the  Machine  is  brought  to  what 
Standard  or  Meafure  you  pleafe,  to  make  the  hydraulical  Revoluti¬ 
on  to  anfwer  either  to  a  geometrical  Pace  of  5  Feet,  or  to  10,  12, 

14  Feet,  &V.  The  Machines  of  this  Kind,  which  I  have  tried  at 
Sea  in  all  Sorts  of  Weather,  did  weigh  fome  4,  others  5,  and  others 
6  Pounds  ;  the  Weight  of  them  not  at  all  affedting  the  peculiar  Pro¬ 
perty  of  the  Inftrument,  or  hindering  the  Regulation  thereof  accord¬ 
ing  to  the  Methods  I  have  laid  down.  Thefe  Machines  may  be  made 
of  T  in  as  well  as  Iron,  and  fo  light  as  not  to  weigh  above  two  or 
three  Pounds,  which  may  ferve  for  any  Boat,  Wherry,  Barge,  &c. 
without  any  Hindrance  to  their  Rowing  or  Sailing.  The  Manner  of 
fixing  them  to  a  Ship,  or  Boat,  is  reprefented  in  Fig.  201.  Fi 

I  come  now  to  the  Explanation  of  the  three  feveral  Dials,  and  one 
of  which  may  be  ufed  with  this  Machine.  The  firft  Dial  had  3  In¬ 
dexes,  one  of  which  mark’d  10  Revolutions  of  the  Engine,  each  Re¬ 
volution  10  Feet  ;  fo  that  of  confequence  the  whole  Round  of  the 
Circle  was  100  Feet.  As  five  of  thefe  Revolutions  make  50  Feet, 
which  I  reckon  to  be  ( or  at  leaft  fhould  be  )  the  Diftance  marked 
between  each  Knot  on  the  Log-Line  now  in  Life  at  Sea  ;  by  holding 
the  Half-minute  Glafs  in  one’s  Hand  (which  is  always  ufed  with  the 
Log-Line  )  one  may,  by  Infpedlion,  fee  how  many  Times  50  Feet 
fhe^runs  in  half  a  Minute,  and  of  courfe  how  many  Miles  in  an 
Hour,  without  the  Trouble  of  employing  4  or  5  Hands,  as  there 
generally  is,  in  heaving  the  Log.  My  fecond^  Index  on  this  Dial 
marked  100  Revolutions,  .which  makes  xooo  beet,  as  the  tlii.d  In¬ 
dex  did  1000  Revolutions,  which  is  equal  to  10,000  beet;  and 
then  a  little  Bell  ftruck,  fignifying  when  the  Ship  had  failed  that 
Diftance,  which  may  be  alfo  fitted  to  ftrike  to  any  other  Meafure. 
My  fecond  Dial  had  the  Circle  on  its  Plate  divided  into  twelve  Parts, 
fo  that  as  the  Index  paft  each  Divifion,  the  Ship  had  run  one  Mile, 
and  confequently  12  Males,  when  it  had  meafured  the  Circumietencc. 
On  one  Side  of  this  Dial,  1  had  fixed  another  Plate,  which  wa>  gra¬ 
duated  in  fuch  Manner,  that  by  the  Half  minute  Glafs  I  could  alfo, 
by  Infpe£tion,  tell  what  the  Vefiel  run  in  that  Space  of  Time,  (sc. 
On  my  third  Dial  I  had  three  Circles  ;  the  firft  was  fo  divided,  as  to 
ihew  when  the  Ship  had  run  60  Leagues ;  the  fecond  was  fo  contriv¬ 
ed,  as  to  fhew  when  the  Ship  had  run  the  lame  Diftance  in  Mi  es  , 
Vol.  VI.  M  m  m  ™d 


201. 


An  Account  of  the  Marine-Surveyor. 


and  on  the  third  was  marked  120  Knots  ;  fo  that  computing  each 
Knot  at  50  Feet,  the  Circumference  was  6000  Feet,  which  I  take 
to  be  the  Standard  of  an  Englijh  Maritime  MiJe,  or  the  Part  of 
a  Degree  upon  the  Equator  ;  in  running  which  Length,  my  Inftru- 
ment  has  juft  600  Revolutions ;  to  which  Diftance  a  little  Bell  ftrikes 
to  give  Notice,  to  the  Man  at  the  Helm,  of  the  Diftance  failed  in 
that  Time.  Befides  the  feveral  Circles  on  this  Dial  (graduated  as  I 
have  mentioned  )  I  had  alfo  two  Plates  on  each  Side,  having  two  Cir¬ 
cles  ;  one  divided  into  100  Leagues  and  the  other  into  300  Miles; 
fo  that,  without  hearing  the  Bell  ftrike  to  every  Mile  or  League, 
one  might  at  any  Time  fee  by  them,  what  Number  of  Miles  or 
Leagues  the  Ship  had  run,  from  the  Time  fhe  had  left  her  Port. 
As  to  the  Materials  within  the  Dial,  there  is  little  more  than  com¬ 
mon  Clock-work. 

As  by  this  Machine  1  undertake  to  correct  the  Errors  of  the  Log, 
I  flatter  my  felf  that  a  Comparifon  between  that  Inftrument,  and 
my  Invention,  will  not  be  unacceptable  to  the  Curious. 

A  Compara-  4  The  firft  Error  I  chufe  to  touch  on,  in  relation  to  the  Log,  is 
tive  Difcourfe  c  jn  t{ie  }iajf  and  quarter  Minute  Glalfes  ;  I  think  I  may  well  affirm, 

Lo '^andm  *  ^at  are  feldom  or  never  true,  in  regard  it  rarely  happens  that 
Instrument!  ‘  we  can  find  two  to  finish  their  Courfe  in  the  fame  Space  of  Time  ; 
which  I  chufe  4  yet,  if  they  did  run  their  Sand  out  equally,  it  is  no  Demonftration 
to  call  the  Ma-  «  0f  their  Truth,  fince  two,  that  are  falfe,  may  do  the  fame,  as  well 
nne- Surveyor  c  as  two  that  are  true.  But,  admitting  they  were  never  fo  truly  made, 
4  they  are  notwithftanding  fubjedt  to  Error,  fince  it  is  but  too  well 
4  known,  that  dry  and  wet  Weather  have  a  great  Influence  on  them. 
4  Should  the  Half-minute  Glafs  lack  but  two  Seconds,  or  be  two  Se- 
4  conds  too  long,  it  makes  an  Error  of  fome  Miles  in  24  Hours. 
4  If  the  Log  be  hove  by  Quarter-minute  Glalfes,  in  like  manner 
4  defective  ( which  is  the  general  Practice,  when  the  Ship  has  great 
4  Way)  in  doubling  the  Knots,  the  Erroris  alfo  doubled.  Befides, 
4  when  the  Ship  runs  after  the  Rate  of  8  or  9  Miles  an  Hour  (and 
4  the  Line  is  left  to  run  off  of  the  Reel )  it  rarely  happens  but  fome 
4  Fathoms  are  out,  before  the  Line  can  be  flopped  ;  though  this 
4  may  be  fmall  in  the  Courfe  of  24  Hours,  and  therefore  difregard- 
*  ed  ;  yet  in  a  long  Voyage  it  will  make  a  great  Addition  to  the  many 
4  Errors  in  the  LTftanco  ( which  we  gain  by  the  Log  )  which,  added 
4  to  thofe  of  our  Judgment,  occafions  fo  many  that  keep  Journals 
4  -at  Sea,  to  be  a  Shore,  when  they  have  reckoned  ihemfelves,  50, 
4  60,  or  more  Leagues  from  the  Land  ;  and  others  to  be  as  many 
4  Leagues  from  their  Port,  at  the  Time  when  they  have  expedlcd  to 
4  make  it. 

4  In  the  Marine-Surveyor  it  is  not  fo  ;  for  this  Inflrument  requires 
4  no  Glalfes  of  any  Kind-:  Let  the  Ship  run  faft  or  flow,'  it  is  the 
4  Erne,  for  it  works  in  Proportion,  and  the  Bell  ftrikes  to  every  Mile 
4  accordingly.  To  evidence  the  Truth  of  this,  I  take  Leave  to 
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*  mention  an  Inftance,  viz.  When  I  was  making  my  Experiments  on 
c  the  Canal,  in  St.Jdrnes's  Park,  Dr.  Defaguliers and  feveral  other  Ma- 
4  thematicians,  at  Times,  were  with  me,  and  we  meafured  out  a  certain 
c  Diftance  there  •,  upon  which  I  fitted  my  Machine  to  ftrike  to  that 
4  Diftance,  and  accordingly  it  did  fo.  We  then  altered  the  Motion  of 
4  the  Boat,  and  rowed  much  fader  to  the  Mark  than  we  had  done 
c  before  *,  however,  the  Bell  {truck,  when  we  came  up  to  it,  to 
4  the  greateft  Exa&riefs :  And  fuch  is  the  Property  of  this  Indru- 
4  mine,  that  it  may  be  fitted  to  ftrike  to  Miles,  Leagues,  CtV.  as 
c  fhall  be  thought  proper.  This  Machine  is  made  of  Materials  fo 
4  durable  that  one  of  them  fhall  lad  50  or  60  Years  ;  and  fuch  is  the 
4  Price,  that  they  will  prove  as  cheap  or  cheaper  to  the  Government, 
4  than  the  Log ,  which  is  attended  with  an  Expence  of  fo  many 
4  Lines,  Glades,  Grc.  As  for  the  making  a  Trial  of  this  Inftru- 
4  ment,  it  may  be  as  fully  done  in  the  Channel,  as  in  an  Ea(l- 
4  India  Voyage  *,  for  if  it  anfwers  to  20,  30,  or  40  Leagues,  the 
4  Reafon  holds  good  for  as  many  Thoufand. 

2.  ‘The  chief  Property  of  the  Leg  is  to  have  it  fwim  up- 
4  right,  or  perpendicular  to  the  Plane  of  the  Horizon.  This  is  too 
4  often  wanting  in  JLogs\  becaufe  but  few  Seamen  examine  whether 
4  it  is  fo  or  no,  and  generally  take  it  upon  Trud,  being  fatisfied,  if 
4  it  weigh  a  little  more  at  the  Stern  than  the  Head.  What  errone- 
4  ous  Reckonings  flow  from  hence  is  but  too  evident  *,  for  if  the  Loo- 
4  does  not  fwim  upright,  it  w ill  not  hold  Water,  neither  remain 
4  deady  in  the  Place  where  it  is  heaved,  fince  the  lead  Check  of  the 
4  Hand,  in  veering  the  Line,  will  make  it  come  up  feveral  Feet. 
4  This  repeated,  the  Errors  become  Fathoms,  and  perhaps  Knots, 
4  which,  how  infignificant  foever  they  may  feem,  are  Miles  and 
4  Parts  of  Miles,  and  amount  to  much  in  a  long  Voyage. 

4  In  anfwer  to  this,  the  Marine -Surveyor  is  of  fuch  a  Property, 
4  that  there  is  no  Neceffity  to  take  Care  about  its  fwimming  *,  and  it 
4  is  a  condant  Truth,  peculiar  to  this  Indrument,  that  be  the  Ship’s 
4  Motion  on  the  Water  what  it  will,  whether  fhe  runs  one  Mile  fader 
4  or  dower  than  another,  yet  all  die  runs,  is  exactly  marked  on  the 
4  faid  Indrument,  as  appears  plainly  from  fome  Tables  of  Expc- 
4  riments  made  by  me  in  the  River  Thames  for  obtaining  the  gra- 
4  dual  Increafe  and  Decreafe  of  both  Ebb  and  Flood. 

3.  4  The  dretching  and  fhrinking  of  the  Log- Line,  is  another 
4  great  Error  in  the  TJfe  of  the  Log  ;  for  when  a  new  Line  is  find 
4  ufed,  let  it  be  ever  fo  well  ftretched  upon  Deck,  and  meafured  as 
4  true  as  pofiible,  it  dirinks  after  wetting  confiderably  ;  and  there - 
4  fore  if  we  rely  on  the  Lane  run  out  for  the  Ship’s  Diftance,  we 
4  ought  to  meafure  and  alter  the  Knots  on  it  every  Flour  before  we 
4  ufe  it ;  but  I  am  well  afiured  that  this  is  feldom  done  ofrner  than 
4  once  a  Week,  and  fometimes  not  above  once  or  twice  in  a  Voyage. 
4  What  great  Dependance  then  is  there  on  a  Reckoning  kept  by 
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c  the  Log  ?  Since  in  this  Cafe  the  Line  will  fhrink  fo,  as  to  add  Miles 
4  to  the  other  Midakes  of  every  24  Hours.  Again,  when  the  Line 
4  is  meafured  to  its  greated  Degree  of  Shrinking,  it  is  generally  left 
4  there  •,  and  when,  by  much  Ufe,  it  comes  to  ftretch  again,  it  is 
6  feldom  or  never  mended,  although  it  will  ftretch  beyond  what  it 
4  firft  fhrunk.  In  fhort,  fuch  are  the  Errors  incident  to  the  Log , 
4  that  I  don’t  wonder  at  our  Neighbours  the  Dutch  for  preferring 
4  their  Chips  or  an  irregular  Pulfe  to  it *,  which  conjectural  Reckon- 
4  ing  of  theirs  is  obtained  after  the  following  Manner-  They  fix 
4  two  Marks  on  the  Side  of  the  Ship  at  a  certain  Didance»  when  an 
4  experienced  Perfon,  danding  at  the  foremod  Mark ,  throws  a 
‘  Chip  over-board,  and  counts  the  feveral  Beats  of  his  Pulle,  during 
4  the  Chip’s  Padage  from  one  Mark  to  the  other  *,  and  from  thence 
4  it  is  they  compute  the  Number  of  Miles  that  the  Ship  runs  in  an 
4  Hour. 

4  As  for  the  Marine-Surveyor ,  it  is  not  hove  with  a  Line,  but  Is 
4  tow’d  a  Stern  by  a  Rope  ;  and  let  that  Rope  dretch  or  fhrink  (  be 
4  long  or  fhort)  it  is  all  one,  for  the  Indrument  will  have  the  fame 
4  true  Revolutions.  Should  it  be  objected,  that  it  holds  Water,  I 
4  affirm,  from  my  own  Experiments  of  it,  that  the  Log  hauled  in 
4  from  5  or  6  Knots,  is  much  heavier  upon  the  Hand  ;  and  that  the 
4  fader  the  Ship  runs,  the  lefs  Water  this  Indrument  of  mine  holds, 
4  becaufe  it  gives  Way  to  the  Water  and  turns  quicker  ;  nay,  I  can 
4  venture  to  lay,  that  it  is  fo  far  from  being  any  confiderable  Impe- 
4  diment  to  the  Ship’s  Way  that  fhe  does  not  lofe  one  Mile  in  an 
4  hundred  by  it.  But  fhould  this  Indrument  be  introduced  into  the 
4  Navy,  in  cafe  of  chafing  an  Enemy,  or  the  like,  it  may  be  taken 
4  in  at  any  Time,  and  let  down  again  at  Pleafure. 

4.  4  I  appeal  to  all  Seamen,  if  in  a  moderate  Gale,  when  the  Ship 
4  runs  5  or  6  Knots,  two  different  Perfons  (every  way  qualified) 
4  were  to  heave  the  Log  immediately  after  one  another,  whether  they 
4  would  exactly  agree.  Surely  no.  Since  ’tis  but  Chance  if  they  do 
4  fo,  and  is  what  may  not  happen  in  a  hundred  Trials.  I  therefore 
4  affirm  the  Log  to  be  very  erroneous  on  this  Account,  and  that  the 
4  Error  frequently  increafes  with  the  Wind  ;  for  in  a  diffGale,  when 
4  a  Ship  has  run  about  8  or  9  Knots  before  the  Wind,  it  has  been 
4  known  that  two  expert  Seamen  have  hove  the  Log  in  this  Manner, 
4  and  on  their  comparing  Notes,  they  have  found  a  Knot  Difference  \ 
4  fo  me  times  it  has  been  more,  and  at  others  lefs,  which  mud  cer- 
4  tainly  make  a  drange  Confufion  in  the  Reckoning.  Under  this 
4  Head  I  take  leave  to  obferve,  that  when  the  Log  is  hove,  it  is 
4  fometimes  in  fo  drong  a  Gale,  that  the  Ship  runs  9  Knots  ;  but 
4  before  it  is  hove  again,  there  may  be  fuch  a  Decreafe  of  the  Wind, 
4  that  for  half  of  the  Hour  Ihe  may  not  run  above  5  Knots.  Her 
4  true  Diftance  failed  then,  is  the  Mean  between  the  Extremes  of  9 
4  and  5  j  but  this  has  been  fo  far  from  being  confidered  by  fome 
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<  Chalkers  of  the  Log-board ,  that  it  is  but  too  well  known,  the  Ex- 
«  tremes  have  been  put  for  the  Mean,  and  the  contrary.  Were  there 

•  Truth  in  the  Log ,  two  Ships  in  Company  would  nearly  have  the 
4  fame  Account  *,  but  it  is  otherwife ;  for  we  too  often  find  many 
6  Leagues  Difference  in  Reckonings,  even  on  board  the  fame  Ship. 
4  In  a  Word,  fuch  Errors  have  been  found  in  the  Log  by  fome  of  my 
4  Acquaintance,  that  when  they  have  failed  between  a  Meridian  and 
4  a  Parallel,  the  whole  Difference  on  the  Log-board  has  not  proved 
4  Difference  of  Latitude  enough  to  agree  with  their  Obfervation ,  al- 
4  though  each  Day  they  had  a  good  obferved  Latitude,  and  no  Cur- 
4  rents. 

4  In  the  Marine-Surveyor  we  are  fo  allured  of  the  Ship’s  Diflance, 

4  that  all  Ships  fhall  all  agree  which  are  in  Company,  as  to  their 
4  Reckonings,  fave  that  fome  Allowance  be  made  for  Difference  of 
4  Jud  ment  in  the  feveral  Perfons  who  keep  Journals. 

There  are  feveral  other  Cafes  equally,  if  not  more  momentous 
than  what  1  offer  here,  wherein  the  Marine-Surveyor  will  be  found 
to  have  the  Preference  of  the  Log . 

The  following  are  the  Subftance  of  two  Affidavits,  taken  under 
the  Seal  of  the  Royal  Court  at  Guernfey ,  by  fome  expert  Seamen, 
who  have  had  Trial  of  my  Inftrument,  viz . 

4  Know  all  Men  by  these  Presents,  that  on  the  30th  of 

*  November  1720,  there  perfonally  appeared  before  William  Le  Mar- 
4  chant ,  Efq-,  (  Judge  Delegate  in  the  Ifland  of  Guernfey ,  &c.  )  Mef- 
4  fieurs  Jean  Andros ,  and  Eleazar  Le  Mar  chant  (Jurats  of  the  Royal 
4  Court  of  the  faid  Ifland.  ) 

4  William  Ahier ,  aged  about  40  Years,  who  commanded  feveral 
4  Privateers  in  the  late  War,  (  and  particularly  that  called  La  Chaffe, 
4  of  about  150  Tun,  16  Guns,  and  140  Men)  and  is  now  Matter 
4  of  the  Ship  called  the  Eagle,  of  which  Veffel  he  is  the  only  Pro- 
4  prietor,  who  voluntarily  makes  Oath,  that  on  Sunday  the  9th  of 
4  October  1720,  he  parted  from  Southampton  with  feveral  Gentlemen 
4  Paffengers  on  board  for  Guernfey  ;  that  he  had  fixed  at  the  Stern 
4  of  his  Ship  a  new  Invention  called  the  Marine-Surveyor ,  project- 
4  ed,  to  the  beft  of  his  Knowledge,  by  Mr.  Henry  de  Saumarez ,  a 
4  Gentleman  of  the  Ifland  of  Guernfey ,  for  correcting  the  Log,  &c. 

4  That  after  they  had  left  the  Heeddes^  they  had  a  ftirr  Gale  of  Wind, 
4  attended  with  a  rolling  Sea,  notwithftanding  which,  the  Machine 
4  worked  as  regularly  as  if  it  had  been  fmooth  Water,  the  little  Bell 
4  of  it  ftriking  to  every  Mile  the  Ship  run  with  great  Exactnels. 

4  And  this  Deponent  further  declares,  that  having  thoroughly  viewed 
4  and  examined  the  Experiment  of  this  new  Invention,  he  finds  k 
4  to  be  not  only  practicable,  but  preferable  to  the  common  Methods 
4  ufed  at  Sea  for  attaining  the  Ship’s  Dittance  failed  *,  that  therefore, 

4  for  the  publick  Good,  he  doth  attefc  the  I  ruth  of  the  above- 

4  mentioned 


449 


I 


45° 


An  Account  of  the  Marine- Surveyor. 

•  ]  »U  fi  -  )li  .  1  ,  ■*  •'  *  O  i  ■ . .  >  J  v<  i  a  j 

c  mentioned  Particulars.  In  witnefs  whereof,  the  Seal  of  the  Royal 
4  Court  of  Guernfey  is  hereunto  affixed  by  us  the  under-written. 


•i  ’ 

i «/  i 


William  Le  Mar  chanty  Judge  Delegate. 
Jean  Andros ,  7  ^ 

Eleazar  Le  Mar  chanty  5*^ 


urats. 


The  other  Affidavit  runs  as  follow,  viz. 


c  Know  all  Men  by  these  Presents,  That  on  the  30th  of 
c  November  1720,  there  perfonally  appeared  before  William  Le  Mar - 
4  chant ,  Efq*,  Judge  Delegate  in  the  Ifland  of  Guernfey ,  &c.  Mef- 
4  fieui's  Jean  Andros  and  Eleazar  Le  Marchant ,  Jurats  of  the  Royal 
4  Court  of  the  faid  Ifland. 


The  following  Perfons,  viz. 


4  Abraham  Le  Mefurier ,  of  about  48  Years  of  Age,  formerly 
4  Captain  of  feveral  Ships, 

4  Peter  Bonamy ,  of  about  58  Years  of  Age,  formerly  Captain 
4  of  feveral  Ships,  and  who  has  ufed  the  Sea  above  40  Years, 

4  John  Hardy ,  of  about  38  Years  of  Age,  formerly  Captain  of 
4  feveral  Ships,  William  Ahier ,  about  40  Years  of  Age,  and  former- 
4  ly  Captain  of  feveral  Ships ;  and  James  Hubert ,  of  about  27 
4  Years  of  Age,  who  has  alfo  been  Mafter  of  feveral  Veffels,  who 
4  voluntarily  make  Oath,  that  on  the  19th  of  Offober  ijio ,  they 
4  fet  Sail  in  the  Morning  out  of  Guernfey  Pier ,  with,  a  frefh  Gale  of 
4  Wind,  in  a  Sloop  called  the  Dolphin ,  in  Company  with  feveral 
4  Gentlemen  of  the  faid  Ifland,  in  order  to  make  an  Experiment  at 
4  Sea  of  a  Machine  called  the  Marine-Surveyor,  projected,  to  the 
4  bed  of  their  Knowledge,  by  Mr.  Henry  de  Saumarez  of  Guernfey  ; 
4  which  Invention  is  intended  to  correct  the  many  Errors  of  the  Log, 

4  (Ac.  And  they  further  declare,  that  they  have  not  only  throughly 
4  viewed,  confidered,  and  examined  the  faid  Machine,  but  have  alfo 
4  made  feveral  Experiments  of  it  in  a  rough  Sea,  fometimes  failing 
4  right  before  the  Wind,  then  quartering,  at  other  Times  turning 
4  to  Windward,  and  then  lying  by  to  know  the  Drift  of  the  Ship 
4  both  with  and  again  ft  the  Tide :  That  having  tried  the  fame  In- 
4  vehtion  all  Manner  of  Ways,  they  find  it  much  preferable  to  the 
41  'Log,  or  any  of  the  Methods  in  ufe  for  obtaining  the  Ship’s  Diftance 
4  run,  having  nothing  to  objedl  againft  it,  as  to  its  being  a  Clog  or 
c  tjindra-nee  to  the  failing  of  the  Ship,  (Ac.  That  being  fully  fatif- 
c  fled  of  the  great  Ufeiulnefs  of  this  Invention  for  the  Improvement 
t  of  Navigation,  and  the  Service  it  may  be  of  to  all  the  Maritime 
c  Powers, "they  publickly  atteft  the  Truth  of  the  above-mentioned 
{  Particulars,  to  the  End  the  Author  thereof  may  make  fuch  Ufe  of 
6  it,  as  he  fhall  think  moft  proper.  In  witnefs  whereof,  the  Seal  of 
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<  the  Royal  Court  of  Guernsey  is  hereunto  affixed  by  us  the  undcr- 
4  written, 

4  Signed  by  the  Judge  Delegate  and  Jurats,  as  above-, 
c  mentioned. 

Here  you  have  fome  Proof  of  the  Ufefulnefs  of  this  new  Invention 
and  that  from  Seamen  of  long  Standing  and  Practice  :  But,  notwiths¬ 
tanding  thefe  Teftimonials,  I  was  yet  determined  to  have  it  tried 
further  :  Accordingly  I  made  a  Prefent  of  one  of  my  Machines  to  a 
Friend  of  mine,  Captain  John  Tbottmes ,  who  befides  his  Knowledge 
in  the  Theory  and  Practice  of  Navigation,  was  the  better  qualified 
to  make  Trial  of  it,  in  regard  he  had  fometimes  accompanied  me  in  my 
Experiment  on  the  Canal  in  St.  James's  Parky  and  in  the  River  Thames. 

As  he  was  then  going  a  Voyage,  I  intreated  him  to  act  impartially  with 
me,  and  to  lofe  no  opportunity  in  letting  me  know  how  far,  and  with 
what  Certainty,  my  Invention  might  be  depended  on.  Agreeable 
to  my  Requeft,  he  wrote  twice  to  me  on  this  Occafion :  His  firtt 
Letter  was  dated  at  Nantes  the  20th  of  October  1724,  and  the  follow¬ 
ing  is  an  Extract  of  it,  viz. 

According  to  my  Promife,  I  am  to  acquaint  you,  that  I  have 
C  had  as  favourable  an  Opportunity  as  I  could  have  wiffied  for,  to 

<  try  your  Marine  Surveyor  *,  for  fome  Part  of  my  Voyage  being 

<  from  St.  George's  Channel  to  the  Bay  of  Bifcay ,  I  palled  dole  to 
C  the  Land’s  End  of  England ,  with  a  moderate  Gale  of  Wind  at 
4  North,  our  Courfe  S.  by  E.  When  I  had  the  Land’s  End  Eaft  of 

<  me  about  3  Miles,  I  began  to  reckon,  and  the  next  Morning, 

C  when  UJhant  bore  Weft,  about  5  Miles  Diftance,  the  Surveyor  had 
4  made  juft  37  Leagues.  Thefe  two  noted  Headlands,  which  are 
4  very  near  under  the  fame  Meridian,  differ  in  Latitude  about  33  or 
4  ^4  Leagues.  As  for  the  Tides,  we  crofs’d  them,  having  in  this  Run 
4  two  Floods  and  two  Ebbs  ;  and  as  the  Wind  blew  crofs  the  Chan- 
4  nel,  one  Tide  was  no  more  influenced  by  it  than  the  other,  nor 
4  could  the  Current  be  any  Impediment  to  the  I  rial.  Now  as  to 
*  out  having  3  or  4  Leagues  more  than  tne  true  Diftance,  the  Rc.r- 
4  fon  is  very5  plain,  fince  it  cannot  be  expected  but  that  a  Ship  before 
4  the  Wind  will  deviate  from  her  true  Courfe,  fometimes  one  Way, 

4  fometimes  another,  in  her  laws  and  Sheers.  Oi  t n is  all  Seamen  \ 

4  are  fenfible.  What  I  would  remark  from  hence  is,  that  the  Sur- 
4  vey or  meafures  all  the  little  Traverfes  exadly  *,  ’tis  therefore  the  Bu- 
4  fmefs  of  the  Navigator  to  allow  for  this,  when  he  works  the  Ship  s 
6  Run.  But  I  cannot  help  obferving  here,  that  a  good  Ehect  is 
4  produced  from  thefe  little  Traverfes  being  fo  meafured  5  for  fhould 
4  We  be  running  boldly  on  the  Land  in  a  dark  Night,  it  forewarns 
4  us  to  look  out  in  time,  by  marking  fomewhat  more  than  the  true 

<  Diftance  failed  upon  a  (freight  Line.  .  .  .  .  - 

c  Many  are  the  Advantages  which  accrue  to  Navigation  by  tins 

c  Invention,  which  I  (hall  not  taKe  upon  me  to  enumerate  .  m  Eou, 

‘  tne 
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5  the  Sailors  are  in  love  with  it,  and  when  at  the  Helm,  they  value 
4  themfelves  on  chalking  more  Miles  than  thofe  who  went  before 

*  them.  For  my  own  Part,  I  am  fo  pleafed  with  it,  that  I  have 
4  done  with  the  Log.  One  excellent  Quality  I  obferve  in  it,  which 
‘  I  cannot  omit  mentioning,  viz.  That  in  plying  to  Windward 

6  along  Shore  in  a  dark  Night,  our  ufual  Way,  by  the  Log ,  is  to 

*  hand  two  or  three  Hours  out,  and  lo  many  in  ;  and  here  we  may 
6  be  a-ihore  before  we  are  aware,  becaufe  in  running  out  we  may 

*  not  have  had  fo  much  Wind  as  in  running  in;  or  we  may  have 
6  reef’d  Topfails,  Shortened  Sail,  hankered  in  the  Wind,  or  have 
«  met  with  many  other  Impediments,  which,  by  being  droufy  in  the 
<.  Nio-ht,  a  Man  may  fometimes  not  take  Notice  of; .  but  it  is  other- 
<  wife  with  the  Surveyor  ;  for  if  the  Ship  is  hindered  in  her  Way,  it 

*  will  not  mark  more  Miles  than  fhe  has  run. 

*  I  have  fhewed  it  to  fame  curious  Perfons  at  Nantes ,  who  are 
c  o-reatly  delighted  with  it.  They  wanted  to  fee  the  Movement 
6  within,  butl  fliall  never  grant  that  to  a  Stranger.  I  have  been 

*  offered  fifty  Piftoles  for  it,  and  might  have  had  more,  would  I 
<.  have  parted  with  it  ;  but  I  value  the  worthy  Donor  of  it  too  much, 

4  to  do  any  fuch  Thing. 

P'S.  4  When  I  faid  my  Courfe  from  the  Lands- End  to  Ufhant 
c  WAS  s.  b.  E.  it  muff  be  underftood  that  I  did  not  go  on  the  Outfide, 

*  but  palled  within,  between  UJhant  and  the  Main  :  For  in  the  other 
e  Cafe,  to  pafs  to  the  Weftward,  the  Courfe  had  been  about  S.  b.  W, 

4  to  go  clear  of  all. 

The  fecond  Letter,  which  I  received  from  Captain  T bournes,  in 
relation  to  my  Inftrument,  was  dated  at  Guernfey  the  fecond  of  Sept. 
1725  ;  and  what  follows  is  the  Subftance  of  it,  fo  far  as  it  relates  to 
the  Marine-Surveyor ,  viz. 

t  I  am  now  fully  confirmed  of  the  Ufefulnefs  of  your  Marine- 

*  Surveyor ,  having  tried  it,  this  laft  Voyage  to  Marseilles  and  Toulon , 

«.  fufficiently  to  perfuade  me,  that  it  is  greatly  preferable  to  the  Log. 

<  Having  in  two  former  Voyages,  in  the  Bay  of  Bifcay  been 
«-  apprized,  that  the  Ship’s  Diftance  failed,  as  obtained  by  the  Ma- 

<  /ine-Surveyor ,  was  really  true,  yet  I  was  obliged  every  24 

<  pi  ours  to  fhorten  the  Diftance  by  a  certain  Proportion,  that  I  gueft 

*  t0  be  near  one  leventh  Part  of  the  Whole  ;  which,  from  the  Bear- 

<  ino-s  of  Headlands,  i£c.  I  found  conftantly  fo.  However,  to  be 
6  better  fatisfied  of  this  Allowance,  1  wanted  a  long  Run,  near,  or 
«  upon  a  Meridian,  with  good  Obfervations,  which  could  not  be 
e  had  in  the  Bay  or  our  Channels  ;  therefore,  when  I  failed  for  the 
c  Mediterranean,  which  was  in  January  laft,  I  continued  to  make 

<  the  fame  Allowance,  and  cautioned  my  Mate  to  make  it  alfo.  It 
6  happened,  that  for  the  firft  eight  Days,  we  had  hard  Gales  of 

*  foutherly  Winds,  attended  with  violent  Squalls  of  Rain,  and  a 

<  diftradted  Sea,  infomuch  that  we  tryed  under  a  double  reefed  Maini 

4  fail, 
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*  fail,  great  Part  of  the  Time,  and  drove  to  the  Weftward,  with- 
c  out  the  Benefit  of  celeftial  Obfervations ;  yet  all  the  While  the 
‘  Marine-Surveyor  ftruck  the  Miles  of  our  Drift,  which  are  to  be 
4  feen  upon  our  Journals  for  every  Hour;  and  fo  far  did  I  depend 
4  on  it,  that  I  did  not  order  the  Log  to  be  once  hove. 

4  After  the  bad  Weather,  the  Wind  changed  with  the  New  Moon, 

4  to  N.  N.  E.  and  N.  E.  with  a  brifk  Gale,  which  gave  us  a  fair  Run 
4  for  five  Days,  near  50  Leagues  every  24  Hours.  We  had  daily 
4  Obfervations,  and  our  Courfe  was  near  South.  Here  it  was,  that 
4  I  found  the  one  feventh  of  the  Ship’s  Diftance  was  to  be  deducted 
4  from  the  whole,  and  that  it  was  for  Taws  and  Sheers ,  which  the 
4  Marine -Surveyor  marks  exactly.  After  this  Allowance  was  made, 

4  fo  well  did  my  Reckoning  agree  with  my  Obfervation,  that  when 
4  there  was  2  or  3  Miles  difference,  I  rather  imputed  it  to  the  Want 
4  of  ExaCtnefs  in  my  obferving,  or  a  Fault  in  the  Quadrant,  than  to 
4  the  Marine-Surveyor ,  in  regard  my  Mate  alfo  found  it  to’  agree  to 
4  a  furprizing  Exabtnefs. 

4  Three  Weeks  after  our  Departure,  I  had  the  Misfortune  to  lofe 
4  the  Fork  of  the  Machine,  and  therefore  was  afterwards  without  the 
4  Help  of  the  Surveyor ,  till  our  Arrival  at  Toulon-,  which  Place  be- 
4  ing  one  of  the  chief  Nurferies  for  Navigators  that  ferve  the  French 
4  King,  I  was  the  more  concerned  for  my  Lofs  ;  but  I  in  fome  mea- 
4  fure  repaired  it,  by  ordering  a  Smith  to  make  two  luch  Forks,  of 
4  nearly  the  fame  Dimen fions  and  Turns  in  the  Fins,  as  I  could  re- 
4  member  the  other  had,  which  ferved  there  fo  well,  as  to  gain  the 
4  Admiration  of  all  who  faw  me  try  it.  My  Merchant  was  fo  taken 
4  with  it,  that  he  defired  me  to  fhew  it  to  a  Friend  of  his,  a  noted 
4  ProfefiTor  of  the  Mathematicks  in  the  College  of  Jefuits  there.  He 
4  was  all  Surprize  at  the  regular  Motion  of  the  Machine  under  Wa- 
4  ter,  and  more  that  it  fhould  fo  nicely  determine  the  Diftance  failed 
4  of  any  Ship  or  Boat.  I  fhould  fwell  my  Letter  to  too  great  a  Bulk, 

4  fhould  I  repeat  the  Converfation  I  had  with  this  Jefuit,  who  im- 
4  portuned  me  much  to  fee  the  Infide  of  the  Clock-work,  offering 
4  me  what  I  pleafed  for  a  Sight  of  it.  In  a  Word,  I  was  deaf  to 
4  him,  and  many  other  Gentlemen  of  the  Town,  who  crouded  to 
4  me  every  Day  on  the  fame  Account,  and  who  were  all  greatly 
4  pleafed  with  the  Invention. 

4  The  Machine  made  by  my  Directions  at  Toulon ,  I  ufed  in  my 
4  Way  home,  and  found  it  to  anfwer  very  well  in  the  Ocean  ;  from 
4  whence  arifes  this  Remark,  which  fufficiently  fhews  the  Ufefulnefs 
4  of  your  Invention,  viz.  That  even  rough  ones,  made  by  a  meer 
4  Cobler  of  a  Smith,  and  turned  by  the  Directions  of  a  fhort  Me- 
4  mory,  which  I  dare  not  truft  in  many  Things,  are  capable  of  an- 
4  fwering  the  End  for  which  you  invented  them. 

4  It  muff:  be  noted,  that  though  I  allow  one  feventh  of  the  Ship’s 
4  Diftance  for  her  Deviation  from  her  Courfe,  yet  fome  Ships  are  fo 
Vol.  VI.  N  n  n  4  built- 
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«  built,  that  they  will  fleer  much  truer,  and  others  worfe  than  ours 
<■  did  *,  and  in  this  Cafe  the  Marine-Surveyor  (hews  its  Worth  ;  for  if 
J  two  Ships  are  in  Company,  the  one  fleering  well,  the  other  ill,  the 
c  Latter  fhall  have  more  Miles  than  the  Former  on  comparing  their 
<  Run,  although  they  fet  out  from  the  fame  Port,  and  never  part 
4  Company. 

I  fhould  be  wanting  to  my  felf,  if  I  did  not  produce  the  mofl 
convincing  Proof  of  the  Ufefulnefs  of  this  new  Invention  •,  I  fhall 
therefore  add  to  the  foregoing  Teflimonials,  fome  other  Certificates, 
whereby  it  will  further  appear,  that  the  Marine-Surveyor  has  the 
Preference  of  the  Log ,  viz. 

4  We  the  underwritten  Mailers  of  Ships,  EstV.  do  certify  all  whom 
4  it  may  concern.  That  this  2ifl  of  October  1725,  we  accompanied 
4  Mr.  Henry  de  Saumarez  on  board  the  Richard  Yatch,  in  order  to 
4  make  an  Experiment  of  an  Inflrument  invented  by  him,  called 
4  the  Marine-Surveyor  \  and  as  by  it  he  propofed  to  afcertain  the 
4  Way  of  a  Ship  in  the  Sea,  much  more  corredly  than  by  any 
4  Thing  hitherto  invented  for  that  Purpofe,  we  tried  it  between  Lon- 
4  don  and  Gravefend  with  the  Log  (which  we  hove  feveral  Times  ) 
4  to  which  it  appears  to  us  to  have  the  Preference,  for  by  its  conflant 
4  and  regular  Motion,  the  Ship’s  Diftance  failed  muft  be  more  ex- 
4  adly  attained  than  by  the  Log ;  which  being  hove  but  once  in  an 
4  Hour  or  two,  cannot  be  fo  corred,  in  regard  the  Wind  may  in- 
4  creafe  or  lefTen  foon  after  the  Log  is  hove,  in  fuch  Manner,  that  it 
4  entirely  depends  on  him  who  chalks  the  Log-board  to  allow  for  it. 

4  As  therefore  very  confiderable  Errors  muft  arife  from  thence,  if  a 
4  proper  Allowance  is  not  made  for  an  Increafe  and  Decreafe  of 
4  Wind ;  •  and  as  the  Marine-Surveyor  is  not  fubjed  to  this,  but 
4  keeps  a  regular  Motion,  according  as  the  Wind  is  more  or  lefs  : 
4  We  are  therefore  of  Opinion,  that  this  new  Invention  is  not  only 
4  an  ingenious  Contrivance  in  its  Kind,  but  is  exadly  calculated  for 
4  the  Ends  propofed.  As  witnefs  our  Hands  this  21ft  of  Qftober 

6  *725- 

r  Michael  Hales , 

J  Benjamin  Hutchinjon , 

4  Signed  in  the  Original  Jofiah  Hales , 

]  Peter  Per  chard , 

I  Robert  Gamble. 

4  Thefe  are  to  certify  all  whom  it  may  concern,  that  I  John  Har- 
4  ris,  who  have  ufed  the  Sea  for  thirty  Years  pafl,  and  who  was  late- 
4  ly  Mate  of  the  William  and  Lhomas ,  bound  from  London  to  Canfo 
*  in  America ,  was  prefent,  when  Mr.  Henry  de  Saumarez  came  on 
4  board  our  Veffel  and  fixed  an  Inflrument  at  the  Stern  of  her,  call- 
4  ed  the  Marine-Surveyor ,  invented  by  him  for  afcertaining  the  Way 
4  of  a  Ship  in  the  Sea,  much  more  cor  redly  than  by  the  Log,  or  any 

4  Method 
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c  Method  hitherto  in  Ufe  for  that  Purpofe  :  And  as  he  de fired  us  to 
try  it  with  the  Log ,  and  to  make  an  impartial  Report  whether  we 
*  found  it  preferable  to  the  Log  or  not ;  I  do  hereby,  in  Juftice  to 
c  that  Gentleman,  certify,  That  we  kept  our  Reckoning  both  by 
c  the  Log  apd  this  Inflrument,  and  do  find  it  much  preferable  to  the 
Log ,  or  any  Thing  that  has  yet  appeared  to  me  for  attaining  the 
c  Ship’s  Diftance  failed  ;  the  Truth  of  which  I  am  ready  to  teftify 
c  on  Oath,  if  called  on  to  do  it.  In  witnefs  whereof,  I  have  here- 
6  unto  fet  my  Hand  this  15th  of  November ,  1725. 

r  Robert  Gamble , 

Signed  in  the  Prefence  of?  Elijha  Dobree , 

C  John  Harris. 

It  may  perhaps  be  afked,  how  I  came  to  produce  a  Certificate 
from  the  Mate,  and  not  from  the  Captain  of  the  William  aud  'Tho¬ 
mas  ?  To  which  J  anfwer,  that  the  Mate  left  the  Ship  at  Plymouth , 
and  came  to  Town,  fo  that.  I  had  an  Opportunity  of  obtaining  his 
Opinion  of  it,  without  the  Captain’s,  who  foon  after  his  Arrival  in 
England ,  made  the  beft  of  his  Way  to  the  Ifiand  of  Guernfey  :  How¬ 
ever,  as  I  had  defired  him  to  try  my  Inflrument  with  the  Log ,  and 
impartially  report  to  me,  whether  he  found  it  preferable,  or  not  to 
that  Method  of  obtaining  the  Ship’s  Diftance  failed,  he  favoured 
me  with  a  Letter  from  thence  :  His  Name  is  Thomas  Picot ,  and  his 
Letter  bears  Date  the  16th  of  November  1725  ;  it  is  in  French , 
and  the  Subftance  of  it  in  Englijh ,  is  as  follows,  viz. 

6  That  he  had  made  ufe  of  the  Marine-Surveyor  in  his  Voyage  to 
c  Canfo  in  America ,  and  had  been  more  than  ordinarily  careful  therein, 

«  in  order  to  make  a  juft  Report  of  it ;  that  he  had  tried  it  upon  a  Me- 
6  ridian  with  good  Obfervations,  and  found  it  to  anfwer  his  Expe£la- 
«  tion,  and  to  be  preferable  to  the  Log,  particularly  in  rough  and 
«  ftormy  Weather  ;  that  it  had  been  much  admired  by  feveral  Maf- 
c  ters  of  Ships,  and  particularly  by  Captain  St.  Loe,  of  his  Majefty’s 
4  Ship  the  Ludlow-Caftle ,  who  exprefied  a  great  Liking  to  it.  He 
c  concludes  his  Letter  with  wifhing  I  had  an  Opportunity  to  perufe 
c  his  Journals,  whereby  it  would  fully  appear  how  much  my  Inven- 
c  tion  is  preferable  to  the  Log. 

Being  informed,  that  Captain  Henry  Daniell  had  come  over  as  a 
Paftenger  from  Canfo  in  America ,  to  England ,  in  the  aforefaid  Vefiel 
William  and  Thomas  \  and  being  willing  to  obviate  every  Objection 
that  might  be  brought  againft  the  Marine-Surveyor ,  I  applied  my 
felf  to  that  Gentleman  for  his  Opinion  of  it,  who  was  plealed  to  fend 
me  the  following  Certificate. 


N  n  n  2 
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«  rip HES  E  are  to  certify  all  whom  it  may  concern ,  that  I 
4  JL  Henry  Daniell,  who  have  been  at  Sea  upwards  of  twelve 
4  Years,  firft  as  a  Voluntier ,  afterwards  as  a  Midjhipman ,  dz'J 

1  lately  come  over  as  a  Pajjfenger  in  the  William  Thomas,  /ro?» 
c  Canio  to  Plymouth,  in  which  Veffel  there  was  an  Inftr ument  fixed 
4  at  the  Stern  of  her,  called  the  Marine-Surveyor,  invented  by  Mr. 
4  Henry  de  Saumarez,  for  afcertaining  the  JV ay  of  a  Ship  in  the  Sea  ; 
1  and  as  that  Gentleman  has  applied  to  me  for  my  Opinion  of  it ,  I  do 
4  hereby  certify ,  that  we  found  it  much  more  correct  than  the  Log  ; 
4  and  that  in  a  Gale  of  Wind,  our  Reckoning  by  it  agreed  with  our  Ob- 
4  fervation ,  which  the  Reckoning  by  thehogfeldom  did.  And  I  muft , 
*  in  Juft  ice  to  that  Gentleman ,  fay ,  that  we  kept  our  Reckoning  both  by 
6  his  In  ft  r  ument  and  the  Log,  and  found  it  much  preferable  thereto ,  or  to 
6  any  other  Method  for  obtaining  the  Ship's  Diftance.  In  witnefs  where - 
4  of  I  have  hereunto  fet  my  Hand  this  \th  of  December  1725. 

Henry  Daniell. 


Continued  ly  2.  F  reprefen ts  my  Boat  on  the  Canal  in  St.  James's  Park ,  through 
the  fame.  N‘\  t|ie  Rudder  of  which  a  fmall  Spindle  pafles  (  in  an  Iron  Pipe  )  of 
408.  p.  47.  H  G  is  the  Length.  To  the  Point  G  are  faftened  the  four 

Jg*  202s  jron  pjnS9  or  Flyers,  A,  B,  C  and  D,  in  the  Form  of  a  Square, 

the  Bars  D  B  and  A  C,  to  which  they  are  fixed,  lying  in  a  hori¬ 

zontal  Pofition.  Thefe  Flyers  are  fo  contrived  as  to  have  full  Play 
in.any  Motion  of  the  Boat.  To  the  Point  H,  which  is  the  upper 
Part  of  the  Pipe  and  Spindle,  is  fixed  the  Dial  E :  Now  the  Boat 
being  put  in  Motion,  the  Flyers  move  accordingly,  which  propor¬ 
tionally  affedling  the  Spindle,  the  Motion  is  thereby  communicated 
to  the  Dial,  which  may  be  fitted  to  ftrike  the  Miles  or  Leagues  that 
the  Vefiel  runs. 

Fig.  205.  But  to  defcribe  the  firft  Movement  of  this  Machine  more  exadtly, 
Fig .  203  reprefents  it  unfixed.  The  Crofs,  or  Bars  DB  and  AC, 

as  I  faid  before,  lie  fiat,  or  in  a  horizontal  Pofition  •,  the  Arbor  or 

Spindle,  which  is  perpendicular  thereto,  lcrews  into  the  Point  G,  and 
pafles  through  an  Iron  Pipe  to  the  Dial,  in  manner  aforefaid.  The 
Flyers  A,  B,  C  and  D  being  fitted  to  move  in  any  Motion  of  the 
Boat,  the  Bars  are  accordingly  affected.  This  Inftrument  is  fo  con¬ 
trived,  that  two  of  thehFlyers  on  one  Side  fhall  always  refill  the  Wa¬ 
ter  in  the  Motion  of  the  Vefiel,  whilft  the  other  two  give  way  in 
their  Turning.  The  refilling  Flyers  in  this  Figure  are  A  and  B, 
and  D  and  C  will  be  the  fame  when  they  come  into  their  Pofition  ; 
for  they  refill  and  give  Way  alternately  fo  long  as  the  Motion  con- 
•  tinues,  which  is  always  circular  *,  and  fo  truly  does  it  revolve,  that 

be  the  Motion  fwift  or  flow,  in  any  meafured  Diftance,  the  Number 
of  Revolutions  will  be  equal.. 


This 
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This  is  the  Machine  which  I  firft  tried  on  the  Canal  in  S.  James' s 
Park ,  which  I  chofe  the  rather  to  do,  in  regard  I  found  it  to  anfwer 
very  well  in  all  my  Experiments.  And  l  am  yet  of  Opinion,  that 
it  would  be  an  ufeful  Inftrument  to  determine  the  Strength  of  the 
Tides  on  our  Sea  Coaft,  which  if  marked  in  our  Charts,  might  prove 
advantageous  to  our  Commerce.  But  confidering,  that  though  this 
Proje&ion  might  be  ferviceable  in  Barges,  Pleafure-Boats,  or  other 
VelTels,  in  fair  and  moderate  Gales  of  Wind,  yet  it  might  prove  ufe- 
lefs  in  boifterous  and  ftormy  Weather,  and  in  long  Voyages,  when 
it  might  be  choaked  with  Weeds ;  I  therefore  fixed  to  my  other  In¬ 
vention  the  Fork,  which  is  contrived  in  fuch  a  Manner,  that  I  will 
even  yet  be  fo  bold  as  to  affirm,,  it  fhall  determine  the  Ship’s  Way 
in  a  Storm,  or  when  fhe  is  fcuddina  before  the  Wind,  when  the  Lo* 
is  incapable  of  it.  As  the  Canal  would  not  allow  me  to  try,  with 
any  Certainty,  my  Iron  Forks  there,  I  was  obliged  to  have  fome 
made  of  lighter  Materials,  which  feemed  to  anfwer  fomewhat  near 
the  Truth,  and  made  me  fo  fanguine  as  to  believe,  that  they  would 
have  an  equal  Number  of  Revolutions  in  the  fame  Diftance,  even 
though  the  Motion  of  the  Boat  was  fwift  or  flow  between  Mark  and 
Mark.  I  muff  here  do  my  worthy  Friend  Dr.  Defaguliers  (  who 
frequently  honoured  me  with  his  Company  in  the  Experiments  of  the 
aforefaid  Invention  )  the  Juftice  to  own,  that  he  diffented  from  me  in 
this  Particular,  in  regard  he  faid  the  Forks  muff  have  different  Pofi- 
tions,  according  to  the  Velocity  of  the  Veffel  to  which  they  were 
fixed,  and  confequently  could  not  have  an  equal  Number  of  Revo¬ 
lutions  in  fwift  and  flow  Motion. 

Whilft  I  was  confidering  where  to  carry  on  my  Experiments  to 
prove  the  Verity  of  my  Inftrument,  and  to  anfwer  this  Objection,  I 
had  the  Honour  to  be  introduced  to  the  late  ingenious  Samuel  Moly- 
neux>  Efq-,.  As  he  was  ever  ready  to  encourage  all  laudable  Defigns, 
and  particularly  fuch  as  were  calculated  for  Publicfe  Good,  he  foon 
became  my  Patron :  And  as  he  was  then  one  of  the  Lords  Com- 
miffioners  of  the  Admiralty,  and  my  Machine  fell  within  his  Pro¬ 
vince,  he  exprefied  a  Defire  to  fee  an  Experiment  of  it  on  the  River 
Thames:  Accordingly  I  fhewed  to  him,  and  feveral  of  the  principal 
Officers  and  Commiffioners  of  his  Majefty’s  Navy ,  the  Nature  and 
Ufe  of  it  between  London  and  Woolwich ,  when  he  feemed  to  be  of 
the  fame  Opinion  with  Dr.  Defaguliers ,  viz.  Whether  jn  a  certain 
Diftance,  and  in  different  Motions  of  rhe  VejTel,  the  Inftrument 
could  revolve  equally.  Hereupon  he  advifed  me  to  take  a  Trip 
over  to  Holland ,  and  to  try  my  Machine  with  the  Log ,  in  my  Paf- 
fage  •,  as  alfo  throughly  to  examine  the  Truth  of  his  Objection  on  the 
long  Canals  in  that  Country,  where  there  was  little  or  no  Tide  or 
Current. 

Accordingly  I  had  Orders  to  embark  on  board  the  William  and 
Mary  Yatch.  My  Machine  being  fixed  at  the  Stern  of  this  Veffel, 

we 
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we  kept  her  Run  both  by  it  and  the  Log.  On  the  niceft  Calculation, 
in  our  Paffage  over,  the  Difference  between  us  was  2  Miles  and 
2640  Feet:  At  this  I  was  in  no  wife  furprifed  ;  for  as  I  knew  the 
Log  to  be  very  erroneous,  and  I  undertook  to  corredt  the  Errors  of 
it  by  my  Inftrument  (in  the  Truth  of  which  I  might  then  be  too 
forward,  as  too  many  are  on  fuch  Occafions  )  I  was  affured  we 
could  not  agree  ;  and  therefore  I  charged  the  Difference  accord¬ 
ingly.  ,  -  ••  '  ;  •  :  >{:  W f 

Among  the  confiderable  Company  on  board  the  Yatch,  we  had 
a  curious  Gentleman,  Captain  Lynflager ,  Commander  of  one  of  the 
Dutch  Men  of  War,  who  feemeci  not  a  little  pleafed  with  my  Con¬ 
trivance  ;  and  no  fooner  did  he  land  in  Holland ,  but  he  fpoke  of  it 
to  fome  Gentlemen  of  the  higheft  Rank  there,  whofe  Curioftty  in¬ 
duced  them  to  defire  to  fee  an  Experiment  of  this  Invention  :  Ac¬ 
cordingly  I  was  fent  for  to  the  Hague ,  and  on  the  Canal  there, 
before  Baron  Hop ,  Baron  Wajfenaar ,  Admiral  Somelfdyk ,  Mr. 
s9 Gravefand  (  Profeffor  of  the  Mathematicks  in  the  Univerlity  of 
Leyden  )  Captain  Lynjlager ,  [Ac.  we  run  a  certain  Diffance  in  fwifc 
and  flow  Motion,  in  order  to  fee  if  the  Inffrument  would  have  an 
equal  Number  of  Revolutions  therein.  In  running  up,  it  revolved 
2300  Times,  and  in  coming  down  2060.  Here  then  was  enough 
to  convince  me,  that  Dr.  Defaguliers ,  and  Mr.  Molyneux ,  had  judg¬ 
ed  truly  of  the  Fork,  and  more  efpecially  fince  the  learned  Mr. 
b' Gravefand  joined  in  Opinion  with  them  who  notwithftanding  en¬ 
couraged  me,  by  telling  me  my  Labour  was  not  in  vain,  for  that  the 
Inftrument  might  ftill  be  of  good  Service,  by  making  Tables  to  rec¬ 
tify  the  different  Revolutions. 

An  Opinion  Jlrongly  indulged  is  rarely  parted  with  \  the  Truth  of 
which  I  find  in  my  felf-,  for  although  Dr.  Defaguliers ,  Mr.  Moly¬ 
neux ,  and  Mr.  s9 Gravefand  did  jointly  agree  as  to  this  Invention,  yet 
ftill  did  I  entertain  fome  (lender  Thoughts,  that  it  mull  anfwer  the 
Purpofe,  in  the  Manner  I  had  propofed.  For  when  I  confidered, 
that  I  had  two  Fathom  of  Rope  out  on  the  Dutch  Canal,  which  was 
but  5  or  6  Feet  Deep,  and  that  the  Fork  of  my  Machine  weighed 
about  three  Pounds,  or  three  and  a  half,  and  was  two  Feet  and  a  half 
in  Length,  I  thought  it  not  unreafonable  to  fuppofe,  that  its  Weight, 
in  the  (lowed  Motion  of  the  Veffel,  might  occafion  it  to  ftrike 
Ground,  and  confequently  impede  its  Motion,  and  leften  the  Mo¬ 
tion,  and  leffen  the  Number  of  Revolutions  as  above.  Of  this  I 
had  been  fully  fatisfied  whilft  in  Holland ;  but  fearing  to  lofe  my 
Paffage  in  the  Yatch,  on  Board  of  which  I  had  embarked  by  Order 
of  the  Lords  Commiffioners  of  the  Admiralty,  I  was  obliged  to 
haften  over. 

Not  long  after  I  came  to  England  died  my  worthy  Patron  Mr. 
Molyneux ,  in  whom  all  Men  of  Learning  and  Ingenuity  loft  a  Friend ; 
and  as  there  was  now  but  little  Hope  of  my  going  over  to  Holland 

in 
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in  the  Manner  I  had  done  before,*  I  was  notwithstanding  refolved 
to  take  that  Journey  at  my  own  Expence  ;  and  accordingly  did  fo, 
where  I  no  fooner  began  my  Experiments,  but  I  was  convinced  of 
the  Truth  of  the  Objections  of  the  three  learned  Gentlemen  afore¬ 
mentioned,  which  is  plainly  made  appear  from  the  following  Fi¬ 
gure,  wherein  the  Pofition  of  the  Fork,  in  five  different  Motions  of 
the  Ve (Tel,  is  reprefented.  See  Fig.  204. 

This  needs  no  Explanation,  for  it  plainly  appears,  that  the  Pallets 
will  be  more  or  lefs  affeCted  by  the  Refinance  of  the  Water,  accord¬ 
ing  to  the  Pofition  they  are  in  •,  and  therefore  the  Revolutions  in  a 
fwift  or  flow  Motion,  in  the  fame  Diftance,  cannot  be  equal. 

Being  now  fully  perluaded,  that  the  Fork  would  not  revolve  equal¬ 
ly  in  the  fame  Diftance,  and  in  different  Motions  of  the  Veffel,  I 
now  began  to  repair  this  DefeCt  by  calculating  fome  Tables,  which 
render  it  (till  a  very  ufeful  Inflrument.  On  what  Foundation  I  form¬ 
ed  thefe  Tables,  there  will  be  no  need  for  me  to  mention,  fince  I 
fhall  go  on  to  fhew  what  further  Improvements  I  have  made  of  this 
Inflrument,  and  that  it  is  now  every  Way  ufeful  without  them.  And 
this,  I  think,  I  cannot  better  do,  than  by  entering  here  the  Extract 
of  a  Letter  to  Dr.  Defaguliers  from  a  learned  Mathematician  of  Hol- 
landy  whofe  Company  I  was  honoured  with  feveral  Times,  whilft  I 
was  making  my  Experiments  on  that  Side,  viz. 

4  Mr.  De  Saumarez  having  defired  me  to  acquaint  you  of  theSuc- 
4  cefs  of  the  Experiments,  which  I  have  feen  him  make  of  this 
4  Machine,  for  the  meafuring  the  Way  of  a  Ship  in  the  Sea,  it  is 
4  with  Pleafure  I  undertake  it,  fince  I  am  fully  perfuaded  you  will 
c  not  be  wanting  to  contribute  all  in  your  Power  to  promote  an  in- 
4  vention  fo  ufeful  and  advantageous  as  this  is. 

4  The  firft  Experiment  that  I  attended  was  with  an  iron  Fork,  fuch 
4  as  the  Gentleman  himfelf  hath  defcribed  in  the  Philo fophical  Tranf- 
4  actions^  when  the  Number  of  Revolutions  were  more  in  the  fwift 
4  than  in  the  flow  Motion  of  the  Boat,  whereon  we  tried  this  inftru- 
4  ment.  This  I  take  to  be  owing  to  the  different  inclinations  of  the 
4  Machine  i  which  were  more  Horizontal,  according  as  the  Motion 
4  of  the  Boat  was  more  fwift ;  from  whence  we  concluded,  that  it 
4  would  be  neceifary  to  help  this  by  fome  Tables  calculated  for  the 
4  Purpofe  :  Since  which,  Mr .  De  Saumarez  hath  accordingly  form- 
4  ed  fuch  Ta  bles ;  but  as  I  was  not  prefent  at  the  Experiments  where- 
*  on  they  are  founded,  I  leave  you  to  the  Gentleman  himfelf  to  give 
4  you  an  Account  thereof. 

4  I  have  alfo  made  another  Experiment  with  Mr.  De  Saumarez , 

4  upon  a  new  Correction  of  his  Machine,  which  he  will  better  explain 
4  to  >  ou,  when  you  fee  him,  than  I  can  defcribe.  Elere  he  has  con- 
4  trived  the  firft  Movement  of  his  Machine  to  lie  Horizontal  under 
4  the  Water  \  and  fuch  was  our  Succefs  in  this  Experiment,  that  I 
4  make  no  more  doubt  of  the  Ufefulnefs  of  this  invention,  which  I 
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c  look  upon  as  very  advantageous  to  Navigation  ;  fince  the  Number 
‘  of  Revolutions  here  fcarcely  differed  4  in  332  in  the  different  Velo- 
4  city  or  Motion  of  the  Boat  :  But  this  I  muff  obferve,  that  the  Num- 
4  ber  of  Revolutions  here  were  greater  when  we  moved  moft  flow. 

4  For  my  Part,  I  do  not  queffion,  but  that  by  a  fmall  Correction, 

4  the  Number  of  Revolutions  may  be  always  rendered  proportional 
4  to  the  Diftance  *,  yet  let  us  make  no  Hypothefes  ;  for  Experiments 
4  of  this  Machine,  wherein  may  be  had  fome  Millions  of  its  Rcvo- 
4  lutions,  will  perfectly  fhew  the  Ufe  that  may  be  made  thereof.  In 
4  the  Interim  I  believe,  that  Mr.  De  Saumarez’s  Invention  may  be, 

4  nay,  ought  to  be,  efpecially  with  this  laft  Improvement,  infinitely 
4  preferred  to  all  other  Methods  for  afeertaining  the  Way  of  a  Ship  in 
4  the  Sea ,  &c. 

Here  then  you  have  the  Opinion  of  a  learned  Gentleman  of  my 
Improvement  on  this  Invention,  whofe  Eminence  among  the  Lite¬ 
rati  is  fuch,  that  this  alone  might  give  a  San&ion  thereto.  It  is  here 
obferved,  that  the  Difference  in  the  Revolutions  of  my  Machine,  on 
this  new  Method,  was  fcarcely  4  in  332:  Who  then  can  fay  this 
Difference  was  not  owing  to  the  different  Sheers  in  our  Boat  on  the 
Canal?  But  I  fhall  not  go  about  to  determine  this,  it  remains  for 
me  now  only  to  fhew  the  Improvement  which  I  made  of  the  Marine- 
Surveyor  whilft  in  Holland ,  which  is  hinted  at  in  the  Letter  above, 
and  which  is  now  brought  to  fuch  Perfection,  that  I  perfuade  my  felf 
no  very  material  Objections  can  be  brought  againft  it.  The  following 
Figure  fhews  this  Improvement,  wherein  the  Objections  of  the  differ¬ 
ent  Inclinations  of  the  Fork  are  now  entirely  removed. 

A  F  G  H  is  the  Fork,  in  the  fame  Form  as  the  Iron  Fork  deferib- 
!  ig.  205.  e(}  above,  which  differs  from  the  other  only  in  the  Materials  of  which 

it  is  framed  ;  this  being  contrived  of  fuch  as  to  make  it  equiponder- 
ous  with  the  Water,  and  to  lie  in  a  Horizontal  Pofition,  even 
though  the  Ship  or  V’effel  to  which  it  is  faftened  be  at  Anchor,  or 
under  Sail.  H  B  is  a  Rope,  of  a  convenient  Length,  fixed  to  a 
Screw  or  Worm  at  the  Point  B,  which  goes  about  6  Inches  into  an 
Iron  Pipe,  of  which  B  I  is  the  Length :  Through  this  Pipe  an  Iron 
Spindle  paffes  into  the  aforefaid  Screw  or  Worm  to  which  the  Dial 
C  is  fixed  ;  as  foon  then  as  the  Veffel  moves,  the  Fork  plays  in  a  Ho¬ 
rizontal  Pofition,  which  moving  the  Spindle  within  the  Iron  Pipe, 
the  Motion  is  thereby  communicated  to  the  Dial,  which  is  fitted  to 
ffrike  to  the  Miles  or  Leagues  the  Veffel  runs  ;  and  let  the  Veffel 
move  fwift  or  (low,  the  Pallets  A  and  F  are  equally  affected,  and 
confequently  muff  meafure  the  Diffance  failed  to  a  greater  Exactnefs 
than  the  Iron  Fork  is  capable  of  in  the  Manner  I  havedeferibed  above. 
For  want  of  better  Conveniences  when  in  Holland ,  I  had  this  Iron 
Pipe  fixed  to  a  thin  Board,  which  I  faffened  to  the  Rudder  of  the 
Veffel  ;  but  as  I  am  now  falling  on  a  properer  Method  to  fix 
this  Iron  Pipe,  &c.  which  I  could  not  well  do  in  Holland ,  fince  the 
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cold  Weather  was  fo  far  let  in,  that  it  would  not  allow  me  to  make 
more  Experiments  than  I  did  on  chat  Side,  I  hope  foon  to  make  it 
appear,  that  the  Revolutions  are  exadlly  equal  in  this  new  Improve¬ 
ment  of  the  Eork. 

P.  S.  I  have  been  lately  endeavouring  to  make  a  further  Improve¬ 
ment  in  Navigation,  whereby  I  propofe  to  make  a  Ship  work  far 
better  to  Windward,  than  ic  is  poflible  for  the  mofc  Weatherly  one 
to  do  at  prefent;  as  alfo  to  make  them  tack  and  ware  in  much  lefs 
Room  than  is  generally  done  on  fuch  Occafions.  The  Advantages 
arifing  from  fuch  a  Projection,  if  it  proves  practicable,  mult  be  con¬ 
fide  rable  ;  For  1.  1  he  Ship  which  is  in  Danger  of  a  Lee-fhore 
will  hereby  be  enabled  to  weather  the  Point  (lie  may  want,  and  not 
be  forced,  in  ftormy  Weather,  to  anchor  in  the  very  Breach  of  the 
Shore,  and  even  in  the  Jaws  of  Definition.  Of  this  we  have  had 
too  many  melancholy  Inftances,  where  feveral  Lives  and  Fortunes 
have  been  loft  *,  Difafters  of  which  kind,  it  is  humbly  conceived, 
may,  in  a  great  Meafure,  be  prevented  by  this  Invention.  2  Hence 
we  need  not  fear  to  get  the  Weathergage  of  an  Enemy  ;  for  by  ply¬ 
ing  to  Windward  much  falter  than  he  can,  and  by  tacking  and  war¬ 
ing  in  much  lefs  Compafs,  I  can  either  leave  him,  or  continue  to  en¬ 
gage  him,  as  fhall  appear  molt  convenient:  At  leaft  I  can  fo  fpend 
the  Day,  as  to  be  able  to  fecure  my  felf  under  the  Covert  of  the 
Night*,  or  if  I  chance  to  be  near  the  Land,  I  may  hereby  be  en¬ 
abled  to  gain  a  fafe  Harbour.  3.  By  this  Invention  the  wild  Steer¬ 
age  which  is  too  frequently  made  in  fome  Ships,  will  be  prevented, 
which  all  Mariners  muft  allow  to  be  of  Service,  efpecially  in  chafing, 
or  being  chafed  by  an  Enemy  ;  as  well  as  in  their  keeping  the  Reck¬ 
oning  of  the  Ship’s  Way,  &V. 


XI.  This  Inftrument  contains  four  principal  Parts,  viz.  a  Frame,  The  Defcript 
an  Index,  a  Label,  and  a  Shield  *,  and  thele  confift  of  feveral  Parts,  on  of  a  ntlo 
The  Frame  has  two  Parts,  one  a  graduated  Arch  of  30  Degrees, 
each  Degree  being  fubdivided  into  fix  equal  Parts  ;  the  other  a  Chord  ta^mthout 
of  an  Arch  of  6o°,  divided  into  two  equal  Parts  (at  the  Extremities  a  Horizon, 
and  in  the  Middle  of  which  are  Holes  or  Stops  for  the  Label )  toge-  either  at  Sea 
ther  making  90°  or  a  Quadrant.  The  Index  turns  upon  the  Center  ^ 

of  the  Frame  the  whole  Compafs  of  the  Arch,  and  has  three  Parts ;  jC)hn  gjton> 
viz.  a  Nonius  Plate,  an  Eye-Vane,  and  a  I  ube.  I  lie  Nonius  Elate  n°.  423.  p, 
moves  with  the  Index,  and  fubdivides  each  of  the  {mall  Divifions  of  273. 
the  Arch  into  ten  equal  Parrs  or  Minutes,  d  he  Eye-Vane  is  to  look 
through  in  forward  Obfervations.  The  Tube  is  to  fhew,  when  tne 
Index  is  horizontal.  The  Label  moves  upon  the  Center  of  the  Frame 
the  whole  Compafs  of  the  Chord  of  the  Arch  of  6ok,  having  three 
fixed  Stations  thereon,  at  30'*’,  6o°,  and  90c ,  and  contains  twa 
principal  Parts;  viz.  a  Lens,  and  a  Lanthorn.  i  he  Lens  is  to 
form  the  Sun’s  Image  upon  the  Shield,  i  he  1  «anthorn-  is  neceiTary 
Vol.VL  Qoo  k  ‘ia 
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in  Nodlurnal  Obfervations.  The  Shield  is  fixed  in  the  Center  of 
the  Frame,  and  has  three  Parts;  viz.  an  Azimuth  Tube,  a  Ho¬ 
rizontal  Tube,  and  an  Axis,  or  in  backward  Obfervations  a  Ray- 
Plate.  The  Hole  in  the  Shield  is  to  receive  the  Sun’s  Image.  The 
Azimuth  Tube  is  to  direct  the  Plane  of  the  Inflrument  perpendicu¬ 
lar.  The  Horizontal  Tube  is  to  fhew  when  the  Label  is  level 
The  Axis  is  to  cut  the  Objedt  in  forward  Obfervations. 

If  the  Altitude  does  not  exceed  30°,  the  Label  muft  be  placed  at 
the  Station  on  the  Radius  or  longeft  Limb  of  the  Quadrant ;  if  the 
Altitude  is  between  30°  and  6oQ,  at  the  middle  Station  ;  and  if  the 
Altitude  exceed  6o°  at  the  uppermoft  Station. 

This  is  done  without  ufing  the  Sight- Vane  or  Horizontal  Tube  on 
the  Shield.  Hold  the  Quadrant  with  both  Hands  in  fuch  a  manner 
as  is  apteft  for  keeping  it  Ready,  the  Back  of  the  Arch  being  turn¬ 
ed  toward  the  Sun.  When  the  Bubble  of  the  Azimuth  Tube  is 
brought  under  the  Hole  in  the  Shield,  caufe  the  Sun’s  Image  to  fall 
on  the  Hole  in  the  Shield,  fo  that  it  may  reft  in  the  Center  of  the 
Sun’s  Image;  the  Inftant  the  Azimuth  Tube  and  Sun’s  Image  are 
thus  regulated,  fee  if  the  Bubble  in  the  Horizontal  Tube  on  the  In¬ 
dex  ( which  ’till  then  is  difregarded  )  leaves  the  open  End  of  the 
Tube,  or  flops  any  where  clear  of  the  Ends  of  the  Tube  :  If  thefe 
happen  at  the  fame  Jundhire,  the  Altitude  is  then  truly  taken  ;  but 
if  the  Bubble  had  remained  in  the  enclofed  End  of  the  Tube,  when 
the  Azimuth  Bubble  and  Sun’s  Image  were  regulated,  the  Index  muft 
have  been  flid  up  ;  and  if  tarried  in  the  open  End,  moved  down, 
until  the  Horizontal  Bubble  on  the  Index  quit  the  open  End  of  the 
Tube,  or  flop  between  the  Ends,  as  was  before  oblerved  ;  and  then 
is  the  Quadrant  let.  In  continuing  the  Obfervation  for  a  Meridian 
Altitude,  the  Quadrant  being  fet,  as  the  Sun  rifes,  the  Horizon¬ 
tal  Bubble  on  the  Index  will  not  quit  the  open  End  of  the  Tube, 
or  flop  between  the  Ends,  but  hang  there,  or  leave  it  after  the 
Azimuth  Bubble  and  Sun’s  Image  have  been  regulated,  which  will 
require  the  Index  to  be  continually  moved  down  in  order  to  keep 
the  Quadrant  fet.  When  the  Sun  is  up,  or  on  the  Meridian,  the 
Quadrant  will  remain  fet  for  fome  Time  ;  and  on  the  Sun’s  falling, 
the  Horizontal  Bubble  will  have  a  reverfe  Tendency  inclining  or  run¬ 
ning  wholly  to  the  enclofed  End  of  the  Tube. 

In  this  Method,  the  Lens  and  Tube  on  the  Index  are  difregarded. 
Hold  the  Quadrant  vertical,  and  looking  through  the  Eye- Vane, 
diredt  the  Axis  or  upper  Edge  of  the  Shield  to  the  Sun  or  Star  ;  if 
the  Axis  cut  the  Sun  or  Star  at  the  fame  Inftant  that  the  Bubble  in 
the  Horizontal  Tube  on  the  Shield  quit  the  open  End,  the  Altitude 
is  then  truly  taken,  and  the  Quadrant  fet.  But  if  it  fhould  leave 
the  open  End  of  the  Tube  before  the  Axis  or  upper  Edge  of  the 
Shield  cut  the  Sun  or  Star,  then  the  Eye- Vane  (or  which  is  the 
fame,  the  Index  )  muft  be  Hid  dofyn ;  and  if  it  remain  at  the  open 

f  End. 
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End,  or  quit  it  when  the  Axis  is  above  the  Sun  or  Star,  moved  up 
until  the  Quadrant  is  let.  In  continuing  the  Obfervation  for  a  Meri¬ 
dian  Altitude,  as  the  Sun  or  Star  rifes,  the  Bubble  in  the  Horizontal 
Tube  will  always  quit  the  open  End  of  the  Tube  before  the  Axis  cut 
the  Objeft  ;  fo  that  to  keep  the  Quadrant  fet,  the  Eye- Vane  mu  ft  on 
every  fuch  Alteration  be  conftantly  moved  down  ;  while  the  Sun  or 
Star  is  on  the  Meridian,  the  Quadrant  will  remain  fet ;  and  when  the 
Sun  or  Star  falls,  the  Bubble  will  acft  contrary  to  what  it  did  in  the 
rifing,  refting  wholly  in  the  open  End  of  the  Tube. 

Turn  the  Back  of  the  Arch  towards  the  Sun,  and  caufe  the  Sun’s^^^ 
Image  to  fall  on  the  Hole  in  the  Shield,  at  the  fame  time  looking  Sun's ‘Jltitude 
through  the  Eye- Vane,  cut  the  Horizon  with  the  Axis.  with  the  Ho - 

N.  B.  In  taking  the  Altitude  of  the  Stars,  a  fmall  Light  muft  b trizon- 
fixed  in  the  Lanthorn  ;  the  lefs  the  better.  It,  will  be  beft  in  forward 
Obfervations  of  the  Sun,  to  take  the  Altitude  of  the  upper  Limb,, 
allowing  for  the  Semidiameter  *,  and  when  the  Sun  is  very  clear,  take 
his  Altitude  by  a  backward  Obfervation,  the  forward  Method  be¬ 
ing  chiefly  intended  for  Nodhirnal  Obfervations,  and  when  the  Sun 
is  too  much  obfcured  to  give  any  Shade  or  Image. 

There  was  at  the  fame  Time  laid  before  the  Society ,  4  An  Ex- 

*  tradt  made  by  Mr.  Elton  of  Obfervations  of  the  Latitude  from 
4  the  Journal  of  Captain  Walter  Hoxton ,.  Commander  of  the  Ship 

*  Baltimore  from  the  River  of  Thames  to  Maryland  on  the  Continent 
4  of  America ,  by  Davis’s  ( or  the  common  )  Quadrant  with  the 
4  Horizon,  and  by  Mr.  Elton’s  (a  new  invented  Quadrant)  with- 
4  out  the  Horizon,  A.  D.  1730.  ” 

\  From  this  Extract  it  is  obfervable,  that  in  moderate  Weather 
the  Difference  of  the  Obfervations,  made  by  the  two  Sorts  of  Qua¬ 
drants,  was  commonly  no  more  than  ;  with  ftrong  Gales  and  a 
large  Sea  5'j  in  fair  Weather  ;  in  hard  Squalls  the  Sea  running 
high,  6';  in  eafy  Gales  9'  ;  in  fair  Weather  and  a  large  Swell  16'  ; 
once  in  fmooth  Water  1.6';  and  the  greateft  Difference  of  all  was, 
with  frefh  Gales,  21':  And  this  Difference  was  conftantly  found  to- 
give  the  Latitude  more  Northerly  by  Mr.  Elton’s  Quadrant  than  by 
Davis’s ;  as  in  this  laft  mentioned  Inftancc  the  Latitude  appears  to  be 
35°  39'  N-  by  Davis’ s,  when  Mr.  Elton’s  makes  it  3 6°  N.  There 
is  a  Note  added  by  Captain  Hoxton  at  the  End  of  this  Journal  ; 
viz.  That  the  Difference  at  different  Times  between  Davis’ s  and  Elton’; 

Quadrants  is  occafioned  by  flffting  the  Shade-Vane  of  Davis’;. 

To  this  Journal  were  annexed  fome  4  Obfervations  of  the  Latitude 

*  by  the  fixed  Stars  in  the  forefaid  Voyage  by  Mr.  Elton’s  Quadrant, 

4  without  ufing  the  Horizon.  ” 

Thefe  Obfervations  are  generally  taken  from  two  Stars,  and  the 
Latitude  calculated  from  each  Obfervation  y  and  fo  they  are  found  to 

O  o  o  2  agree 
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agree  commonly  within  \  or  5'.  The  greateft  Difference  arofe  once 
to  13'.  When  by  an  Obfervation  taken  by  *  Syrius,  the  Latitude 
was  found  to  be 

42  0  46' N. 

Courle  inter 
Obf.  SSW. 

S  3'  i  °°  3' 


42°  43' 

Captain  Boston ,  when  at  Anchor  in  Chefea-Peak  Bay,  found 
the  Latitude  37°  29'  N.  Off  Point  in  Potuxon  River  38^ 

7'  N.  Off  Cape  Henry  37°  6'  N.  And  in  a  Letter  to  Mr.  Elton  he 
declares,  4  That  he  obferved  with  his  Quadrant  both  by  the  Sun 
4  and  Stars,  in  all  the  various  Sorts  of  Weather  he  met  with  in  his 
4  late  Voyage  to  and  from  Maryland ,  without  regarding  the  Ho- 
*  rizon,  with  as  great  Exactnefs,  as  with  Davis's  Quadrant  when  the 
4  Sun  and  Horizon  were  clear.  ” 

There  was  likewife  put  into  the  Hands  of  the  Publiiher,  ano¬ 
ther  Letter  from  one  Mr.  John  JValton  to  Mr.  Elton ,  containing 
lb  me  Obfervations  of  the  Latitude  in  Leghorn  Road,  and  feveral 
of  the  Ports  of  Spain ,  which  were  found,  after  repeated  Experi¬ 
ments,  exadlly  to  agree  with  the  known  Latitudes  of  thofe  Places  : 
Mr.  Walton  adds,  That  he  made  feveral  Obfervations  in  his  Paflage 
Home,  in  hard  Gales,  and  a  great  Sea,  and  when  it  was  fo  hazy, 
that  the  common  Quadrant  was  of  no  ufe,  for  want  of  a  Horizon. 


by  *  Procyon  42°  56'  N, 


Where  the  Dif¬ 
ference  is 
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Method  of  making  Mortar  at  Madrafs. 
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C  H  A  P.  VIII. 


Architecture,  Ship-building. 


I.  A  KE  15  Bufhels  of  frefh  Pit-fand,  well  Ofted  •,  add  there-  ^e!yrj  0j 
JL  to  i  5  Bufhels  of  Stone  Lime:  Let  it  be  moiftened  or  flack-  making  the  J 
ed  with  Water  in  the  common  manner,  and  fo  laid  2  or  3  days  toge-  left  Mortar  at 
ther.  Then  diflolve  20  Pound  of  Jaggery,  which  is  coarfe  Sugar  MadnUs,  by 
(or  thick  Molafles)  in  Water,  and  fprinkling  this  Liquor  over  the  pyke 
Mortar,  beat  it  up  together  till  all  be  well  mixed  and  incorporated,  Gwernourof 
and  then  let  it  lie  by  in  a  Heap.  Then  boil  a  peck  of  Gramm  St.  Helena. 

(  which  is  a  fort  of  Grain  like  a  Tare,  or  between  that  and  a  Pea  )  N°-  422-  P- 
to  a  Jelly,  and  (train  it  off  through  a  coarfe  Canvafs,  and  preferve  23  x‘ 
the  Liquor  that  comes  from  it.  Take  alfo  a  Peck  of  My ro balans, 
and  boil  them  likewife  to  a  Jelly,  preferving  that  Water  alfo  as  the 
other  *,  and  if  you  have  a  Vefiel  large  enough,  you  may  put  thefe  3 
Waters  together  *,  that  is,  the  Jaggery -Water,  the  Gram-Water  and 
the  Myrobalans.  The  Indians  ufually  put  a  fmall  quantity  of  fine 
Lime  therein,  to  keep  their  Labourers  from  drinking  of  it.  The 
Mortar  beat  up,  and  when  too  dry,  fprinkled  with  this  Liquor, 
proves  extraordinary  good  for  laying  Brick  or  Stone  therewith,  keep¬ 
ing  fome  of  the  Liquor  always  at  Hand  for  the  Workman  to  wet  his 
Bricks  therewith  *,  and  if  this  Liquor  proves  too  thick,  dilute  it  with 
frefh  Water.  Obferve  alfo,  that  the  Mortar  here  is  not  only  to  be  well 
beaten  and  mixed  together,  but  alfo  laid  very  well,  and  every  Brick, 
or  Piece  of  Brick,  flufhed  in  with  the  Mortar,  and  every  Cranny 
filled  up,  yet  not  in  thick  Joints,  like  the  common  Englijh  Mortar  ; 
and  alfo  over  every  Courfe  of  Bricks,  fome  to  be  throwed  on  very 
thin :  And  where  the  Work  hath  flood,  though  but  for  a  Break- 
fad  or  Dining- time,  before  you  begin  again  wet  it  well  with  this 
Liquor,  with  a  Ladle,  and  then  lay  on  your  frefh  Mortar  •,  for  this 
Mortar,  notwithffanding  its  being  thus  wetted,  dries  much  fooner 
than  one  not  ufed  to  it  would  conceive,  but  efpecially  in  hot  Weather. 

For  fome  very  (Long  Work,  the  fame  Mortar  above  is  improved  as 
follows.  Take  coarle  Tow  and  twift  it  loofely  into  Bands  as  thick 
as  a  Mans  Finger  ( in  England  Ox -hair  is  ufed  in  (lead  of  this  Tow  ) 
then  cut  it  into  Pieces  of  about  an  Inch  long,  and  untwiff  it  fo  as  to 
lie  loole  ;  then  ftrew  it  lightly  over  the  other  Mortar,  which  is  at  the 
fame  time  to  be  kept  turning  over,  and  fo  this  Stuff  to  be  beat  into 
it,  keeping  Labourers  continually  beating  it  in  a  Trough,  and  mix¬ 
ing  it  till  it  be  well  incorporated  with  all  the  Parts  of  the  Mortar. 

And 
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And  whereas  it  will  be  fubjed  to  dry  very  fad:,  it  muft  be  frequently 
foftned  with  fome  of  the  aforefaid  Liquor  of  Jaggery,  Gram ,  and 
Myrobalans,  and  fome  frefh  Water  *,  and  when  it  is  fo  moiftened  and 
beat,  it  will  mix  well,  and  with  this  they  build  ( though  it  be  not 
ufual  to  build  common  Houfe-Walls  thus )  when  the  Work  is  in¬ 
tended  to  be  very  ftrong  •,  as  for  inftance,  Madrafs  Church  Steeple, 
that  was  building  when  I  was  laft  there,  and  alfo  for  fome  Orna¬ 
ments,  as  Columns,  good  arched  Work,  or  Imagery  fet  up  in  Gar¬ 
dens,  it  is  thus  made.  Though  for  common  Buildings  about  Ma¬ 
drafs,  where  the  rainy  Seafon  holds  not  above  3  Months  in  the  Year, 
and  fometimes  lefs,  they  u dually  lay  all  the  common  Brick-work  in  a 
loamy  Clay,  and  plaifter  it  over  on  both  fides  with  this  Mortar, 
which  is  yet  farther  to  be  improved.  Thus  far  for  Building  Mortar. 
Having  your  Mortar  thus  prepared,  as  is  before  deferibed,  you  muft 
ieparate  fome  of  it,  and  to  every  \  Bufhel,  you  are  to  take  the  white  of 
$  or  6  Eggs,  and  4  Ounces  of  Ghee  (or  ordinary  unfalted  Butter)  and 
a  Pint  of  Butter-milk,  beaten  all  well  together  :  Mix  a  little  of  your 
Mortar  with  this,  until  all  your  Ghee ,  Whites  of  Eggs,  and  Butter¬ 
milk  be  foaked  up  *,  then  foften  the  reft  well  with  plain  frefh  Water 
and  fo  mix  all  together,  and  let  it  be  ground,  a  Trowel  full  at  a 
Time,  on  a  Stone,  with  a  Stone  Roller,  in  the  fame  manner  that 
Chocolate  is  ufually  made,  or  ground  in  England ;  and  let  it  ftand 
by  in  a  Trough  for  ufe.  And  when  you  ufe  it,  in  cafe  it  be  too  dry, 
moiften  it  with  fome  Water,  or  the  before-mentioned  Liquor.  This 
is  the  fecond  Coat  of  Plaiftering. 

Note,  When  your  firft  Coat  of  Plaiftering  is  laid  on,  let  it  be  well 
rubbed  on  with  a  hardening  Trowel,  or  with  a  fmooth  Brick,  and 
ftrewed  with  a  gritty  Sand,  moiftened,  as  occafion  requires,  with 
Water,  or  the  before-mentioned  Liquor,  and  then  well  hardened  on, 
again,  which,  when  half  dry,  take  the  laft  mentioned  Compofition 
for  your  fine  Plaiftering  ;  and  when  it  is  almoft  dry,  lay  on  your 
whitening  Varnifh  ;  but  if  your  Work  fhould  be  quite  dry,  then 
your  Chinam  Liquor  muft  be  wafhed  over  the  Work  with  a  Bruftr. 
The  beft  fort  of  whitening  Varnifh  is  thus  made.  Take  one  Gallon 
of  Toddy,  a  Pint  of  Butter-milk,  and  fo  much  fine  Chinam ,  or  Lime, 
as  (hall  be  proper  to  colour  it  *,  add  thereunto  fome  of  the  Chinam 
Liquor  before- mentioned,  wafh  it  gently  over  therewith  *,  and  when 
it  is  quite  dried  in,  do  the  fame  again.  And  a  Plaifter  thus  made  is 
more  durable  than  fome  foft  Stone,  and  holds  the  Weather  better  in 
India,  than  any  of  the  Bricks  they  make  there.  In  fome  of  the  fine 
Chinam  that  is  to  endure  the  Weather,  and  where  it  is  likely  to  be 
fubje6t  to  much  Rain,  they  put  *  Gingerly  Oil  inftead  of  Ghee  ;  and 
alfo  in  fome  they  boil  the  Bark  of  the  Mango-Tree,  and  other  Barks 
of  aftringent  Natures,  and  Aloes,  which  grow  here  in  great  Plenty  by 
the  Sea-fhore  j  but  to  all  of  the  fine  Chinam ,  that  is  for  outfide  Plaif¬ 
tering, 
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rering,  they  put  Butter-milk,  which  is  here  called  Toyre.  And  for 
infide  Work  they  ufe  Glue  made  very  thin  and  weak,  in  (lead  of 
Size,  for  White-wafhing,  and  fometimes  they  add  a  little  Gum  to  it. 

N.  B.  Whereas  fundry  Ingredients  here  mentioned  are  not  to  be  had 
]n  England ,  it  may  not  be  amifs  to  fubftitutc  fbmething  more  plenti¬ 
ful  here,  which  I  imagine  to  be  of  the  fame  Nature.  °As  to  all  the 
a  fir  ingen  t  Barks,  I  take  Oaken  Bark  to  be  as  good  as  any.  Inftead 
of  Aloes,  either  Turpentine,  or  the  Bark  and  Branches  of  the  Sloe- 
tree.  Though  Turpentine  be  not  fo  ftrong,  yet,  if  ufed  in  treater 
Quantity  may  ferve  to  the  fame  purpofe.  But  there  is  a  fort  of  Aloes 
Hepatica ,  often  very  cheap.  Inftead  of  Myrobalans ,  fome  Juice  of 
?  £oe* »  alio  inftead  of  Jaggery,  coarfe  Sugar,  or  Molajfes,  will  do; 
inftead  of  Toddy,  which  is  a  fort  of  P  altnmwine ,  the  Liquor  from  the 
Birch-tree  comes  near  to  it. 

Note ,  That  in  China ,  and  fome  other  Parts,  they  temper  their 
Mortar  with  Blood  of  any  fort  of  Cattle,  but  the  Ingredients  before- 
mentioned  are  faid  to  be  as  binding,  and  do  full  as  well,  and  does  not 
make  the  Mortar  of  fo  dark  a  Colour  as  Blood  will  do.  The  Plaif- 
tering  above  deferibed,  is  thought  in  India  vaftly  to  exceed  any  fort 
of  Stucco-work ,  or  Plaifter  of  Paris  ;  and  I  have  leen  a  Room  done 
with  this  fort  of  Terras-Mortar  that  has  fully  come  up  to  the  beft 
fort  of  Wainfcot  Work,  in  Smoothnefs  and  in  Beauty. 

_  The  Place  where  the  Planks  lie  to  be  foftned  in  the  Stove,  or  the  manner 
as  between  two  Brick  Walls;  of  fuch  a  length,  height  and  dift-  of  bending 
ance  from  each  other,  as  fuffice  to  admit  the  largeft,  or  to  hold  Planks  in  Hi* 
a  good  number  of  the  fmaller  Sort  :  The  bottom  is  of  thick  Iron  faJed^Tards 
Plates,  fupported  by  ftrong  Bars  ;  under  the  middle  of  which,  are  beat  indented 
two  Fire-places,  whofe  Flews  carry  the  Flame  towards  the  Ends,  by  Captain 
The  Planks  are  laid  in  Sand  ;  the  loweft  about  fix  or  eight  Inches  Cumberland, 
above  the  Iron  Plates,  they  are  well  covered  with  the  Sand,  and  p  Roj£rc 
Boards  laid  over  all,  to  keep  in  the  Heat.  The  Sand  is  moiftened 
with  warm  Water,  (  for  which  purpofe  they  have  a  Cauldron  adjoin¬ 
ing  to  the  Stove )  and  if  the  Timber  be  large,  and  intended  to  be 
very  much  bent,  fo  that  it  muft  lie  long  in  the  Stove,  they  water 
the  Sand  again,  once  in  8  or  10  Hours.  When  ’tis  judged  to  be  foft 
enough,  the  Sand  is  removed ;  and  the  Workmen  carry  away  their 
refpedive  Planks,  to  the  feveral  Places,  where  they  are  to  be  ufed  ; 
and  having  firft  nailed  a  thin  Board  upon  the  out- fide,  to  preferve 
the  Plank  from  Bruifes,  they  fix  one  part  in  its  proper  Place,  and 
bring  to  the  others,  by  any  power  they  can  moft  conveniently  ap¬ 
ply.  This  W  ork  feems  to  be  performed  with  wonderful  Eafe;  not- 
withftanding  fome  we  faw  were  fo  knotty,  that  the  Builders  aftured 
ws,  they  could  not  have  brought  them  to  that  Curvature  by  the 
former  Methods.  Thofe  we  faw  put  in  between  others,  very  exaeft- 
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}y  fitted  the  Spaces  they  had  been  cut  for  ;  and  the  Workmen  told 
iis,  they  had  made  no  Allowance  either  for  thefwelling,  or  fhrinking 
of  the  Wood. 

This  Method  excells  that  of  burning  the  Planks  over  an  open  Fire 
in  feveral  Refpecls  :  particularly,  that  no  part  of  the  Wood  is  de- 
ftroyed,  but  remains  of  the  fame  Dimenfions  ;  at  leafl  very  nearly; 
a  Plank  of  the  Breadth  of  16  Inches  being  faid  not  to  alter  above 
±o  part  of  an  Inch.  The  Edges  of  the  Plank  are  preferved  ;  and 
conlequently  the  Work  mull  be  much  firmer,  and  the  Calking  lad 
longer.  The  extraordinary  foftnefs  of  the  Wood,  while  ’tis  warm, 
makes  it  eafily  bend  to  any  Figure  neceflary  in  Ship-building,  which 
it  holds  very  well,  if  they  have  occafion  to  take  it  off  again  after  it  is 
cold  :  Whereas  the  Plank  bent  by  burning,  would  ftart  when  loofen- 
ed  ;  and  could  only  be  fixed  to  the  Timbers  by  fuch  a  Force,  as  was 
able  to  overcome  the  Refiftance  occafioned  by  the  Spring  of  the 
Plank.  It  likewife  adapts  it  lelf  very  readily  to  the  Surface  of  the 
Timbers,  if  they  happen  to  be  uneven. 

They  fhewed  us  the  Gun-Deck-Clamps  in  a  Ship  of  the  Second 
Rate  *,  which  are  very  large  Planks,  bent  and  twilled  in  fo  peculiar 
a  Manner,  that  they  never  could  by  any  other  Method,  bend  them 
into  that  Form,  but  ufed  to  cut  them  into  Shape.  The  whole  Ope¬ 
ration  is  performed  with  much  lefs  trouble  to  the  Carpenters,  as  well 
as  at  lefs  Expence  ;  as  ’tis  evident,  from  the  deep  Tin&ure  the  Sand 
receives,  that  a  con  fide rable  Quantity  of  Sap  comes  out  of  the  Oak, 
while  it’s  in  the  Stove:  And  a  large  Plank  was  oblerved  by  the 
Workmen  or  Officers  of  the  Yard,  to  weigh  fome  Pounds  lefs, 
when  it  was  taken  out. 

A  Plank  5  Inches  thick  requires  5  or  6  Hours  to  make  it  fit  for  bend¬ 
ing  ;  and  the  Time  requifite  for  others,  feems  to  be  in  a  Duplicate- 
Proportion  to  their  Thicknefs. 

Fig.  207.  Reprefents  a  Plank,  in  the  Buttocks  of  a  Second  Rate 
Ship,  whofe  length  from  A  to  C,  is  three  Feet,  and  thicknefs  (A  F ) 
4  “  Inches,  the  End  C,  of  this  Plank  was  bent  12  or  13  Inches  from 
the  (freight  Line  A  B. 

Tig.  208,209.  Fig .  208,  and  209,  are  Sections  of  the  Stove.  A.  A.  the  Fire-places. 

B.  B.  the  Afh-holes.  C.  C.  the  Flews  under  the  Iron  Bottom. 
D.  D.  the  two  Chimneys.  E.  the  place  for  the  Planks  and  Sand. 
F.  F.  the  two  Brick  Walls.  G.  G.  two  inclined  Planes,  for  the  Men¬ 
to  {land  on,  when  they  put  in,  or  take  out  Planks,  or  water 
the  Sand.  h.  h.  The  bottom  of  the  Stove,  made  of  Iron.  L  i.  The 
Grates  to  lay  the  Fewel  on. 
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CHAP.  IX. 

P  A  I  N  T  1  N  G. 


R.  Le  Blon  endeavouring  to  fix  the  true  Harmony  of  Colour¬ 
ing  in  Painting,  found  that  all  vifible  Objects  may  be  repre- 
lented  by  the  three  primitive  Colours,  Red,  Yellow,  and  Blue  ; 
for  out  of  them,  all  others,  even  Black  itfelf,  may  be  compound¬ 
ed.  We  are  beholden  to  the  great  Sir  Ifaac  Newton  for  the  Dif- 
covery  of  the  Difference  of  Colours  contained  in  the  Rays  of  the 
Sun  ;  and  that  the  Union  of  them  all  produces  a  White ,  which  is 
Light  itfelf. 

For  Diftindtion  fake  Mr.  Le  Blon  calls  thofe  Colours  which  are 
comprehended  in  the  Rays  of  the  Sun,  Impalpable  Colours,  and 
thofe  ufed  in  Painting,  Material  Colours.  In  the  Material  Colours, 
a  Mixture  of  all  three  produces  a  Black  or  Darknefs,  contrary  to 
what  is  obferved  in  the  Impalpable,  which  I  faid  juft  now  produce 
White.  Mr.  Le  Blon  takes  this  Phenomenon  to  be  owing  to  the 
Body  or  Subftance  of  which  thefe  three  material  Colours  confift,  and 
to  the  Particles  of  them  being  Opake,  and  not  Tranfparent;  for 
they  only  refledt  certain  Rays  of  Light,  that  ftrike  on  their  Sur¬ 
faces  ;  and  therefore  when  fmall  Particles  of  different  Colours  are 
placed  clofe  together,  if  they  are  fo  fmall  that  each  of  them  cannot  be 
feen  feparately  by  the  Eye,  we  do  not  difcern  the  Colour  of  each  par¬ 
ticular  Atom,  but  only  the  blended  reflected  Rays,  proceeding  from 
die  adjoining  Particles :  Thus  Yellow  and  Red  produce  an  Orange, 
Yellow  and  Blue  a  Green,  &c.  which  feems  to  be  confirmed  by 
placing  two  Pieces  of  Silk  near  together ;  viz.  Yellow  and  Blue : 
When  by  intermixing  of  their  refledted  Rays,  the  Yellow  will  ap¬ 
pear  of  a  light  Green,  and  the  Blue  of  a  dark  Green  ;  which  de¬ 
ferves  the  farther  Confideration  of  the  Curious. 

He  hath  reduced  the  Harmony  of  Colouring  in  Tainting  to  certain 
infallible  Rules ,  built  on  this  Foundation :  Whereas,  according  to  the 
common  Pradtice  of  Painters,  their  colouring  is  the  Effedt  of  meer 
Chance  or  Guefs-work  at  firft,  but  improved  by  Experience •,  all 
Painters  ufually  declaring  that  there  can  be  no  certain  Rules  given 
for  mixing  Colours.  Mr.  Le  Blon  publifhed,  forne  Years  ago,  an 
ingenious  Book  on  this  Subjedt,  intituled,  Coloritto  *,  or,  the  Harmo¬ 
ny  of  Colouring  in  Tainting, 
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IV saving  Tape  fry. 

By  thefe  Rules  he  light  on  the  Manner  of  Printing  any  Object  in 
its  natural  Colours,  by  the  Means  of  three  Plates,  and  the  three  pri¬ 
mitive  Colours  *,  an  Art  attempted  and  fought  after  ever  fince  the  In¬ 
vention  of  Printing,  but  in  vain,  and  thought  impoflible,  till  he  put 
it  in  pradice  about  15  Years  ago.  The  Plates  are  engraved  chiefly 
after  the  Mezzo  Tinto  Manner  ;  only  the  darker  Shades,  and  fome- 
times  the  Out-Lines,  where  they  are  to  appear  very  fharp,  are  done 
with  a  common  Graver.  Each  Plate  is  not  compleatly  engraved, 
but  only  contrived  to  take  fuch  a  Portion  of  the  Colour  as  is  neceffa- 
ry  with  the  other  two  Plates,  to  make  the  Pidure  compleat. 

This  Art  of  Printing  confifts  in  fix  Articles. 

1.  To  produce  any  Objed  with  three  Colours,  and  three  Plates. 
2.  To  make  the  Drawings  on  each  of  the  three  Plates,  fo  that  they 
may  exadly  tally.  3.  To  engrave  the  three  Plates,  fo  as  that  they 
cannot  fail  to  agree.  4.  To  engrave  the  three  Plates  in  an  uncom¬ 
mon  Way,  fo  as  that  they  may  produce  3000  and  more  good  Prints. 

5.  To  find  the  three  true  primitive  material  Colours,  and  to  prepare 
them,  fo  as  that  they  may  be  imprimable,  durable,  and  beautiful. 

6.  To  print  the  three  Plates,  fo  as  that  they  may  agree  perfedlv  in 
the  Imprefiion. 

The  firft  of  which  is  the  moflconfiderablc,  comprehending  the  Theo¬ 
retical  Part  of  the  Invention  ;  and  the  other  five  are  fubfervient  to 
bring  it  into  mechanical  Pradice,  and  of  fuch  Importance,  that  if  any 
one  of  them  be  wanting,  nothing  can  be  executed  with  Succefs  or 
Exadnefs.  Sometimes  more  than  the  three  Plates  may  be  employed, 
viz.  when  Beauty,  Cheapnefs,  and  Expedition  require  it.  { 

The  Obfervation  of  the  compounded  Colours  refleded  from  two 
Pieces  of  Silk,  of  different  Colours,  placed  near  together,  firfi  gave 
him  the  Thought  of  what  the  Effed  of  weaving  Threads  of  diffe¬ 
rent  Colours  would  be,  when  all  the  Threads  were  fo  fine,  as  not  to 
be  diftinguifhed  at  a  fmall  Difiance  one  from  another. 

By  the  fame  Principles  of  producing  any  vifible  Objed  with  a 
fmall  Number  of  Colours,  he  arrived  at  the  Skill  of  producing  in 
the  Loom  all  that  the  Art  of  Painting  requires.  An  Art  likewife 
often  attempted,  but  as  often  abandoned,  and  declared  impofiible 
till  now,  as  well  as  the  other  of  Printing  in  Colours.  And  ’tis  pro¬ 
bable,  many  Improvements  may  from  hence  be  made  in  feveral 
Trades,  efpecially  in  combing  of  Wool,  where  the  mixing  of  feveral 
Colours  may  be  of  great  Ufe  ;  but  he  hath  not  yet  had  Time  to  ap¬ 
ply  it  to  any  thing  elfe  befides  Painting,  Printing  and  Weaving. 

The  Colours  ufed  in  Weaving  being  only  fuperficial,  and  fo  differ¬ 
ing  from  both  the  impalpable  and  the  material  Colours,  and  not  be¬ 
ing  to  be  fo  clofely  joined  or  incorporated  together  as  thofe,  will  not 
of  themfelves  produce  a  White  or  Black,  but  only  a  Light  Cinna¬ 
mon:  Wherefore,  in  Weaving  he  hath  been  obliged  to  make  ufe  of 
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white  and  black  Threads,  befides  Red,  Yellow,  and  Blue  ;  and 
though  he  found  he  was  able  to  imitate  any  Picture  with  thefe  five 
Colours,  yet  for  Cheapnefs  and  Expedition,  and  to  add  a  Brightnefs 
where  it  was  required,  he  found  it  more  convenient  to  make  ufe  of 
feveral  intermediate  Degrees  of  Colours. 

There  are  two  Ways  in  Ufe  at  Brnflels,  and  at  the  Goblins  in  Paris , 
for  making  Tapedry  after  the  common  Manner:  One  they  call  the 
flat  Way,  and  the  other  the  upright.  In  the  fiat  Way,  they  have 
the  Warp  dretched  in  a  Frame  length-wife  of  the  Piece:  It  is  made 
of  white  Worded,  and  the  Pattern  lies  clofe  under  it ;  fo  that  the 
Workman  can  fee  the  Figures  through  the  Warp:  He  is  provided 
with  Bobbins  of  various  Colours  of  Silk  or  Worded,  as  the  Piece  re¬ 
quires  :  Then  he  takes  up  with  his  Fingers  one  Thread  after  another, 
as  they  anfwer  to  any  Colour,  in  the  Painting  beneath  ;  and  with 
the  other  hand  paffes  the  Bobbin  with  the  fame  Colour,  and  drikes 
the  Threads  clofe  with  an  Ivory  Comb.  Some  of  thefe  Frames  are 
made  like  a  Loom,  with  a  Warp  pafifed  through  the  Leifiies  and 
Tredles  for  the  Feet,  with  which  they  open  the  Threads  of  the  Warp, 
to  pafs  a  common  Shuttle  through  them,  when  it  is  necefifary  to  make 
a  long  Throw,  as  is  required  in  Grounds,  Pillars,  and  tall  Uprights. 

In  the  upright  Way  the  Warp  runs  from  Top  to  Bottom  of  the 
Piece;  the  Pattern  is  placed  upright,  and  clofe  behind  it,  and  the 
Out-lines  are  drawn  in  Charcoal  upon  the  Forefide  of  the  Warp. 
The  Work-man  is  placed  with  his  Back  to  the  Light,  by  which 
means  he  can  fee  the  Pattern  better  ;  then  he  takes  up  the  Threads 
one  by  one,  and  pafifes  the  Bobbin,  as  in  the  other  Way,  and  drikes 
it  clofe  with  the  Comb  :  All  which  is  near  as  tedious  as  Needle-work 
itfelf ;  which  is  the  Reafon  why  fine  Tapedry  comes  to  fuch  high 
Prices,  fo  that  none  but  Princes  care  to  buy  it ;  and  what  can  be 
had  at  a  moderate  Price  is  always  coarfe ,  and  of  a  low  Tade  : 
For  Workmen  who  have  any  good  Notion  of  Painting,  and  are 
capable  of  adjuding  the  Colours,  are  not  to  be  had,  but  for  excef- 
five  Wages;  which  much  enhances  the  Price  likewife:  But  in  Mr. 
Le  Eton's  new  Way  of  weaving  Tapedry  in  the  Loom  with  a  Draw- 
boy,  Tapedry  may  be  performed  almoft  as  expeditious  as  fine  Bro¬ 
cades  :  For  when  the  Loom  is  once  fet  and  mounted,  any  common 
Draught-Weaver,  though  not  acquainted  with  Drawing  nor  Faint¬ 
ing  ;  nay,  hardly  knowing  what  Figure  he  is  about,  exactly  pro¬ 
duced  what  the  Painter  hath  reprefented  in  the  original  Pattern  , 
And  thus  a  Piece  of  Tapedry  may  be  woven  in  a  Month  or  two, 
which,  in  the  common  Way  of  Working,  would  take  up  feveral 
Years:  And  what  in  the  common  Way  cods  a  thoufand  Pounds: 
may,  by  this  means,  be  afforded  finer  and  better  for  a  hundred. 
Therefore,  it  is  likely,  this  woven  Tapedry  may  become  a  currant 
Merchandize  ;  and  that  many  thoufand  indudrious  Families  may  be 
well  employed  about  it. 
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/iy2  '  ■  Weaving  T’apejlfy .  ^ 

The  main  Secret  of  this  Art  confifts  in  drawing  the  Patterns, 
from  which  any  common  Draught- Weaver  can  mount  the  Loom  .  • 

and  .when  that  is  clone,  the  'Piece  may  be.  made  of  any-  Size,  by 
only  widening  the  Reeds  and  the  Warp  ;  and  a  Reverfe  may  be  made 
with  the  fame  Eafe  •,  which  is  done  by  the  Boy’s  pulling  the  Rallies 
up  again  in  the  fame  Order  in  which  he  pulled  them  down  before  •, .  by 
which  Contrivance  the  Tapeftry  may  be  fuited  to  any  Room,  whe¬ 
ther  the  Light  comes  in  on. the  right  Hand,  or  on  the  left. 

The  Patterns  are  painted  upon  Paper,  whereon  are  printed  Squares 
from  Copper  Plates,  and  thefe  fubdivided  by  as  many  Lines  as  an- 
fwer  to  the  Threads  of  the  Warp,  which  run  length- wife  of  the 
Piece  v  then  they  try  how  many  Threads  of  the  Shoot  anfwcr  in 
Breadth  to  every  Subdivifion  of  the  Squares.  Every  Thread  of  the 
Warp  goes  through  a  fmall  Brafs  Ring  called  a  Male,  or  through  a 
Loop  in-  the  Leifh,  and  hath  a  fmall  long  Weight  or  Lingoe  hung 
below,  to  counterbalance  the  Packthreads,  which  going  from  the 
Top  of  the  Rings  or  Loops,  are  palled  over  the  Pullies  in  the  Table 
diredtly  over  the  Loom,  and  are  continued  nearly  in  a  Horizontal 
Pofition  on  one  fide  of  the  Loom,  to  a  convenient  Diftance  ;  where 
they  are  all  fpread  on  a  Crofs-piece  faftened  to  two  Staples :  Thefe 
are  called  the  Tail  of  the  Mounture  ;  and  from  each  of  thefe  Pack¬ 
threads,  juft  by  the  fide  of  the  Loom,  are  faftened  other  Packthreads 
called  Simples,  which  defeend  to  the  Ground  ;  fo  that  by  pulling 
thefe  fimple  Chords,  you  raife  any  of  the  Threads  of  the  Warp  at 
.  Pleafure  ;  wherefore  they  fallen  a  Loop  or  Potlart  to  as  many  of 
thefe  fimple  Chords  as  there  are  Threads  of  the  Warp  to  be  pulled 
up  at  every  Shoot,  or  every  Throw  of  the  Shuttle  ;  by  which  means 
the  Shoot  (hews  itfelf  on  the  right  Side,  where  the  Warp  is  pulled 
up  :  And  in  ordering 'this,  they  are  guided  by  the  Pattern,  on  which 
they  count  the  Diftances  of  the  Subdivifions,  which  contain  the  fame 
Colours  in  the  fame  Line,  and  can  be  fhot  at  once  :  Then  they  fallen 
Potlarts  to  the  leveral  fimple  Chords ,  that  draw  up  the  Rings, 
through  which  thofe  Threads  of  the  Warp  run,  which  are  to  lie  be¬ 
hind  this  Colour;  they  tie  all  thefe  Loops  together,  and  fallen  a 
Piece  of  Worfted  or  Silk  to  th#  Knot,  of  the  fame  Colour  that  the 
Workman  is  to  throw  ;  and  the  Boy,  when  he  pulls  each  Loop, 
names  the  Colour,  that  the  Weaver  may  take  the  proper  Shuttle, 
and  fo  on  for  every  Coloqr  to  be  thrown. 


! The  End  of  ■  the  Firji  Part . 
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